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ABSTRACT 


Baseline  fisheries  and  habitat  data  were  gathered  during  1983 
and  1984  to  evaluate  the  effectiveness  of  supplemental  water 
releases  from  Painted  Rocks  Reservoir  in  improving  the  fisheries 
resource  in  the  Bitterroot  River.  Discharge  relationships  among 
main  stem  gaging  stations  varied  annually  and  seasonally.  Flow 
relationships  in  the  river  were  dependent  upon  rainfall  events  and 
the  timing  and  duration  of  the  irrigation  season.  Daily  discharge 
monitored  during  the  summers  of  1983  and  1984  was  greater  than 
median  values  derived  at  the  U.S.G.S.  station  near  Darby. 
Supplemental  water  released  from  Painted  Rocks  Reservoir  totaled 
14,476  acre  feet  in  1983  and  13,958  acre  feet  in  1984. 
Approximately  63%  of  a  5.66  m^/sec  test  release  of  supplemental 
water  conducted  during  April,  1984  was  lost  to  irrigation  with- 
drawals and  natural  phenomena  before  passing  Bell  Crossing.  A 
similar  loss  occurred  during  a  5.66  m^/sec  test  release  conducted 
in  August,  1984.  Daily  maximum  temperature  monitored  during  1984 
in  the  Bitterroot  River  averaged  11.0,  12.5,  13.9  and  13.6  C  at  the 
Darby,  Hamilton,  Bell  and  McClay  stations,  respectively.  Chemical 
parameters  measured  in  the  Bitterroot  River  were  favorable  to 
aquatic  life.  Population  estimates  conducted  in  the  Fall,  1983 
indicated  densities  of  1+  and  older  rainbow  trout  (Salmo  gairdneri) 
were  significantly  greater  in  a  control  section  than  in  a  dewatered 
section  (p<0.20).  Numbers  of  1+  and  older  brown  trout  (Salmo 
trutta)  were  not  significantly  different  between  the  control  and 
dewatered  sections  (p>0.20).  Population  and  biomass  estimates  for 
trout  in  the  control  section  were  631/km  and  154.4  kg/km.  In  the 
dewatered  section,  population  and  biomass  estimates  for  trout  were 
253/km  and  122.8  kg/km.  The  growth  increments  of  back-calculated 
length  for  rainbow  trout  averaged  75.6  mm  in  the  control  section 
and  66.9mm  in  the  dewatered  section.  The  growth  increments  of 
back-calculated  length  for  brown  trout  averaged  79.5  mm  in  the 
control  section  and  82.3mm  in  the  dewatered  section.  Population 
estimates  conducted  in  the  Spring,  1984  indicated  densities  of 
mountain  whitefish  (Prosopium  williamsoni)  greater  than  254  mm  in 
total  length  were  not  significantly  different  between  the  control 
and  dewatered  sections  (p>0.20).  Young  of  the  year  rainbow  trout 
and  brown  trout  per  10m  of  river  edge  electrof ished  during  1984 
were  more  abundant  in  the  control  section  than  the  dewatered 
section  and  were  more  abundant  in  side  channel  habitat  than  main 
channel  habitat.  Minimum  flow  recommendations  obtained  from  wetted 
perimeter-discharge  relationships  averaged  8.5m-^/sec  in  the  control 
section  and  10.6m^/sec  in  the  dewatered  section  of  the  Bitterroot 
River.  The  quantity  of  supplemental  water  from  Painted  Rocks 
Reservoir  needed  to  maintain  minimum  flow  recommendations  is  dis- 
cussed in  the  Draft  Water  Management  Plan  for  the  Proposed  Purchase 
of  Supplemental  Water  from  Painted  Rocks  Reservoir,  Bitterroot 
River,    Montana   (Lere  1984). 
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INTRODUCTION 

The  Bitterroot  River,  located  in  western  Montana,  is  an 
important  and  heavily  used  resource,  providing  water  for 
agriculture  and  a  source  for  diversified  forms  of  recreation. 
Water  shortages  in  the  river,  however,  have  been  a  persistent 
problem  for  both  irrigators  and  recreational  users.  Five  major 
diversions  and  numerous  smaller  canals  remove  substantial 
quantities  of  water  from  the  river  during  the  irrigation  season. 
Historically,  the  river  has  been  severely  dewatered  between  the 
towns  of  Hamilton  and  Stevensville  as  a  result  of  these 
withdrawals. 

Demands  for  irrigation  water  from  the  Bitterroot  River  have 
often  conflicted  with  the  instream  flow  needs  for  trout. 
Withdrawals  of  water  can  decrease  suitable  depths,  velocities, 
substrates  and  cover  utilized  by  trout  (Stalnaker  and  Arnette  1976, 
Wesche  1976).  Losses  in  habitat  associated  with  dewatering  have 
been  shown  to  diminish  the  carrying  capacities  for  trout 
populations  (Nelson  1980).  Additionally,  dewatering  of  the 
Bitterroot  River  has  forced  irrigators  to  dike  or  channelize  the 
streambed  to  obtain  needed  flows.  These  alterations  reduce  aquatic 
habitat  and  degrade  channel  stability.  Odell  (personal 
communication)  found  a  substantial  reduction  in  the  total  biomass 
of  aquatic  insects  within  a  section  of  the  Bitterroot  River  that 
had  been  bulldozed  for  irrigation  purposes. 

The  Montana  Department  of  Fish,  Wildlife  and  Parks  (MDF\^P)  has 
submitted  a  proposal  to  the  Northwest  Power  Planning  Council  for 
the  purchase  of  10,000  acre  feet  (AF)  of  stored  water  in  Painted 
Rocks  Reservoir  to  augment  low  summer  flows  in  the  Bitterroot 
River.  This  supplemental  water  potentially  would  enhance  the 
fishery  in  the  river  and  reduce  the  degradation  of  the  channel  due 
to  diversion  activities. 

The  present  study  was  undertaken  to:  (1)  develop  an  imple- 
mentable  water  management  plan  for  supplemental  releases  from 
Painted  Rocks  Reservoir  which  would  provide  optimum  benefits  to  the 
river;  (2)  gather  fisheries  and  habitat  information  to  evaluate 
the  effects  of  dewatering  in  the  river;  (3)  obtain  baseline  in- 
formation that  would  aid  in  determining  the  effectiveness  of 
supplemental  water  releases  in  improving  the  fisheries  resource. 
The  study  was  initiated  in  July,  1983  and  is  scheduled  to  be  com- 
pleted in  April,    1985. 


raSCRIPTIC*!  OF  STUDY  AREA 


The  Bitterroot  River  is  located  in  Ravalli  and  Missoula 
Counties  in  west  central  Montana  (Figure  1).  It  originates  at  the 
confluence  of  the  East  Fork  and  West  Fork  of  the  Bitterroot  River 
near  the  town  of  Conner  and  flows  northerly  for  approximately 
135  km  (84  mi)  to  its  confluence  with  the  Clark  Fork  River  at 
Missoula.  The  elevation  of  the  river  ranges  from  1222  m  (4010  ft) 
near  Conner  to  942  m  (3090  ft)  at  Missoula.  The  gradient  of  the 
river  averages  about  3,22%  (17  ft/mi)  near  Darby  and  about  0.57% 
(3  ft/mi)  near  Missoula  (Fi^re  2).  The  basin  drains  approximately 
725,212  hectares  (2,800  mi^). 

From  Conner  to  Sleeping  Child  Creek,  the  Bitterroot  River 
flows  through  a  relatively  narrow  mountain  valley.  Downstream  from 
Sleeping  Child  Creek,  the  river  bottom  broadens  into  the  farmlands 
of  the  Bitterroot  Valley.  Land  use  patterns  of  the  basin,  obtained 
from  the  Montana  Statewide  Cooperative  Land  Use  Mapping  Program 
(U.S.  Dept.  of  Agriculture  1977)  are  shown  in  Appendix  Figures  1  to 
3.  A  majority  of  the  valley  bottom  consists  of  irrigated  cropland 
or  pastureland.  However,  substantial  acreage  of  the  valley  has 
been  divided  into  parcels  of  less  than  40  acres.  These  smaller 
parcels  are  shown  as  "rural  and  suburban"  tracts  on  the  land  use 
maps.  In  association  with  these  tracts,  the  development  of  sub- 
divisions is  common  throughout  the  valley. 

The  streambed  of  the  Bitterroot  River  is  typified  by  large 
bars  of  deposited  gravel  and  an  extensive  network  of  side  channels. 
The  wide  riparian  zone  is  dominated  by  a  cottonwood  (Populas  spp.)/ 
Ponderosa  Pine  (Einus  ponderosa)  overstory.  Numerous  developed  and 
undeveloped  recreational  sites  provide  good  access  to  the  river. 

The  river  valley  is  bordered  on  the  west  by  the  Bitterroot 
Mountains  and  on  the  east  by  the  Sapphire  Mountains.  The 
Bitterroot  Mountains  receive  up  to  254  cm  (100  in.)  of  annual 
precipitation  and  the  Sapphire  Mountains  receive  up  to  127  cm 

(50  in)  of  precipitation  (Senger  1973).  A  majority  of  the  mountain 
precipitation  is  snowfall.  Numerous  tributaries  drain  the 
bordering  mountains  and  supply  water  for  irrigation  to  the  farm- 
lands of  the  valley.  The  west  side  streams  exhibit  greater 
seasonal   fluctuations    in   flow   than   do   the   east   side   streams 

(McMurtrey  et  al.  1972).  Tributaries  from  the  mountains  add  con- 
siderable flow  to  the  Bitterroot  River  during  spring  runoff  but 
many  are  diverted  for  irrigation  and  contribute  little  flow  during 
the  summer  and  early  fall. 

Painted  Rocks  Reservoir  is  located  on  the  West  Fork  of  the 
Bitterroot  River  approximately  36   km   (22  mi.)  upstream  from  its 
confluence  with  the  East  Fork.     The  reservoir  was  completed  in  1940 
as  a  multi-purpose  project  and  is  operated  by  the  Department  of 
Natural  Resources  and  Conservation   (DNRC).     The  reservoir  has  a 
storage  capacity  of  32,362  acre  feet   (AF)  and  a  surface  area  at 
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Figure  \  .      Map  of  the  Bitterroot  River  showing  locations 
of  study  sections. 
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full  pool  of  265  hectares  (Brown  1982).  Elevation  at  the  spillway 
is  1440  m  (4725  ft).  As  a  matter  of  EWRC  policy,  flow,  released  from 
the  reservoir  is  maintained  at  3.45  m-^/sec  (125  ft^/sec)  during 
August  through  November  and  2.83  m  /sec  (100  ft  /sec)  during 
December  through  July  (DNRC  1980).  These  flow  releases  do  not 
include  spill  from  the  reservoir  during  spring  runoff. 

Mean,  minimum,  and  maximum  discharges  of  the  Bitterroot  River 
measured  near  Daxby  over  a  46  year  period  ending  in  1983  were  26.4, 
2.0,  and  325.7m-^/sec  (931,  71  and  11,500  ft-^/sec),  respectively 
(U.S.G.S.  1983).  Annual  flow  of  the  river  at  Missoula  averages 
approximately  64.8  m"^/sec  (2,289  ft  /sec).  Characteristics  of  flow 
monitored  at  the  U.S.G.S.  stations  established  on  the  West  Fork 
near  Painted  Rocks  Reservoir,  the  East  Fork  near  Conner  and  the 
main  stem  near  Darby  have  been  summarized  by  Brown  (1982).  Median 
values  of  average  monthly  flow  recorded  at  these  stations  during 
July,  August  and  September  are  given  in  Table  1.     Flows  in  the 


Table  1.  Median  values  of  average  monthly  flows  recorded  at 
stations  on  the  uj^r  Bitterroot  River  for  July,  August 
and  September 


Month 


Jiest  EQik  Jlast  £qj±      .  Daife^, 

itr/sec    ft"^/sec   m^^/sec  ff^/sec   m-^/sec  ft-^/sec 


July  7.0  247  8.3  293  28.0  990 
August  3.8  135  3.1  108  10.4  367 
September    3.8     133     2.6      91      8.9    313 


Bitterroot  River  downstream  from  the  gaging  station  near  Darby 
vary  greatly  from  reach  to  reach  due  to  losses  from  irrigation 
withdrawals  and  to  gains  from  tributary  inflow  and  irrigation 
returns  (Figure  1).  Critical  dewatering  of  the  river  commonly 
occurs  in  the  reach  located  between  Hamilton  and  Stevensville  as  a 
result  of  irrigation  withdrawals. 

Two  study  sections  were  established  on  the  Bitterroot  River 
for  extensive  investigation  (Figure  1).  The  Darby  section  begins 
near  the  bridge  at  Darby  and  extends  9.36  km  (5.82  mi.)  downstream 
to  the  Como  bridge.  This  section  remains  well  watered  throughout 
the  year  and  serves  as  a  control. 

The  Tucker  section  begins  at  Tucker  crossing  and  extends 
downstream  8.92  km  (5.54  mi.)  to  approximately  1.6  km  (1  mi.)  up- 
stream from  Bell  crossing.  This  section  is  characterized  by  two 


channels  that  become  separated  by  as  much  as  1.6  km  (1  mi.). 
Because  of  differences  in  flow  and  habitat  characteristics,  each 
channel  was  treated  as  a  distinct  reach.  The  Tucker  section  was 
established  within  the  reach  of  river  that  historically  has  become 
severely  dewatered. 


METOODS 


River  Discharge  And  Groundwater  Levels 

Stage  of  the  Bitterroot  River  was  monitored  using  Belfort 
continuous  water  level  recorders  (5-FW  series).  Recorders 
installed  at  Woodside  and  Bell  crossings  were  mounted  on  3  in.  (in 
diameter)  standpipes  and  fastened  to  bridge  abutments.  A  recorder 
installed  at  Hamilton  was  mounted  in  a  abandoned  DNRC  gage  house 
above  a  functional  stilling  well.  Discharge  of  the  river  was 
measured  using  standard  techniques  of  the  U.S.G.S.  (Corbett  et  al. 
1943). 

Groundwater  levels  were  monitored  at  three  observation  wells 
installed  in  a  line  perpendicular  to  the  river  at  Bell  crossing. 
Ihe  three  wells  were  placed  at  intervals  of  approximately  2.9,  62.9 
and  195.9  m  (9.5,  206.3  and  642.8  ft)  from  the  edge  of  the  river. 
Two  of  these  wells  were  constructed  by  pounding  3  in-  (in  diameter) 
standard  pipe  4.5-6.0  m  (15-20  ft.)  into  the  ground.  Belfort  re- 
corders (5-FW  series)  were  mounted  on  these  two  wells.  A  third 
well  was  constructed  by  pounding  a  1  1/4  in.  (in  diameter)  sand- 
point  approximately  4.5  m  (15  ft.)  into  the  ground.  Groundwater 
levels  at  this  well  were  measured  periodically  with  a  tape. 


Water  Tenperature 

Thirty-day  continuous  recording  thermographs  (Taylor  models) 
were  used  to  monitor  water  temperatures  in  the  main  stem  of  the 
Bitterroot  River  (Figure  1).  Two  recorders  were  mounted  in  gage 
houses  at  the  U.S.G.S.  station  near  Darby  and  at  the  abandoned  ENRC 
station  at  Hamilton.  Two  additional  recorders  were  mounted  in 
steel  boxes  at  Bell  crossing  and  McClay  bridge.  The  thermocouple 
lead  for  each  thermograph  was  extended  through  plastic  sewer  pipe 
as  far  as  possible  into  the  river. 


Water  Quality 

Analyses  of  pH,  total  ammonia  and  conductivity  for  water 
samples  collected  during  1983  were  conducted  by  the  Water  Quality 
Bureau  of  the  Montana  State  Health  Department.  Analyses  of  pH, 
bicarbonate,  total  nitrogen,  nitrate  nitrogen,  total  phosphorus  and 
conductivity  for  water  samples  collected  during  1984  were  conducted 
by  Dr.  Juday  at  the  University  of  Montana.  Analyses  of  total 
ammonia  for  water  samples  collected  during  1984  were  conducted  by 
the  Water  Quality  Bureau.  Analyses  of  samples  by  the  Water  Quality 
Bureau  were  conducted  one  to  three  weeks  following  collection. 
Analyses  of  samples  by  Dr.  Juday  were  conducted  within  one  week 
following  collection.  Since  analyses  are  ongoing,  procedures  used 
by  the  Water  Quality  Bureau  and  Dr.  Juday  will  be  presented  in  the 
final  report. 


Keasureinents  of  dissolved  oxygen,  pH,  and  total  alkalinity 
were  made  in  situ,  at  the  time  water  samples  were  collected. 
Concentrations  of  dissolved  oJQ^gen  were  determined  using  the  azide 
modification  of  the  VJinkler  method  (APHA,  1976).  Analyses  of  pH 
were  made  color imetrically  using  methods  of  the  Hach  Company. 
Concentrations  of  total  alkalinity  were  determined  by  titration 
using  methods  of  the  Hach  Company.  Field  methods  used  for  analyses 
of  pH  and  total  alkalinity  did  not  meet  APHA  (1976)  standards. 


Physical  Characteristics  Of  Study  Sections 

Physical  characteristics  of  the  study  sections  were  measured 
during  August,  1984.  Ten  equally  spaced  stations  were  established 
within  each  study  section.  At  each  station,  four  transects  were 
established  perpendicular  to  the  stream  channel  at  intervals  of 
61  m  (200  ft.)  in  a  downstream  direction.  The  number  of  channels 
containing  water  at  each  transect  was  enumerated.  Stream  width  was 
measured  to  the  nearest  0.3  m  (1  ft.)  from  water  edge  to  water  edge 
at  each  transect.  Water  depth  was  measured  to  the  nearest  1.5  cm 
(0.6  in.)  at  10  equally  spaced  intervals  along  each  cross  section. 
The  deepest  measurement  along  each  transect  was  considered  to  be 
the  thalweg  of  the  cross  section. 

The  lengths  of  a  single  pool  and  single  riffle  within  each 
station  were  measured  by  tape.  A  pool  was  defined  as  a  portion  of 
the  river  having  reduced  water  velocities  and  substantial  depths. 
Pool-riffle  periodicity  (average  distance  between  the  heads  of 
successive  riffles  divided  ty  the  average  stream  width)  and  pool- 
riffle  ratio  (total  length  of  pools  divided  by  total  length  of 
riffles)  were  determined  for  each  study  section  using  10 
measurements  of  pool-riffle  length.  Gradient  and  section  length 
were  determined  by  measurements  taken  from  U.S.G.S.  topographic 
maps. 

The  total  area  of  potential  overhanging  and  instream  cover  was 
measured  within  ].5  m  (5  ft.)  on  either  side  of  each  transect. 
Cover  was  classified  as  either  brush,  debris,  undercuts  or  rock 
shelves.  Only  features  which  were  within  the  water  or  <  0.6  m 
(2  ft.)  above  the  surface  were  considered  cover.  Depth  of  the 
water  beneath  these  features  had  to  be  greater  than  15  cm   (6  in^). 


Parameters  Of  Salmonid  Populations 

A  mobile  electrof  ishing  system  was  used  to  sample  salmonid 
populations  in  the  Bitterroot  River.  A  4.0  m  (13  ft.)  fiberglass 
boat  with  negative  electrodes  suspended  from  the  gunwales  was  used 
to  carry  a  portable  2000  watt  generator  and  a  Coffelt  (Model  WP- 
2e)  rectifying  unit.  The  positive  electrode  was  hand  held  and 
attached  with  approximately  10  m   (30  ft.)  of  electrical  cord. 


Captured  salmonids  were  classified  by  species,  measured  to  the 
nearest  1.0  mir.  (total  length)  and  weighed  to  ttie  nearest  10  grains. 
Selected  samples  of  trout  were  tagged  with  individually  numbered 
Floy  tags.  Multiple  marking  and  recapture  runs  were  necessary  to 
obtain  adequate  samples  for  population  estimates.  A  caudal  fin 
punch  was  used  to  mark  the  fish.  Samples  of  scales  were  taken  for 
analyses  of  age  and  growth.  All  fish  were  released  near  their  site 
of  capture.  Recapture  runs  were  made  approximately  2  weeks 
following  marking  runs. 

Population  estimates  of  salnonids  were  made  using  Chapman's 
modification  of  Peterson's  mark  and  recapture  formula  (Ricker 
1975).  A  computer  program  developed  by  the  Montana  Department  of 
Fish,  Wildlife  and  Parks  was  used  to  calculate  estimates  of  popu- 
lations, condition  factors  for  fish  over  12.6  cm  (5  in.)  in  total 
length,  and  corresponding  80%  confidence  intervals.  Estimates  of 
numbers  and  biomass  were  made  by  length  and  age  groups.  Condition 
factors  were  computed  using  the  formula   (Carlander  1969): 

k  =  io!w 

where  k  =  condition  factor, 

w  =  total  weight   (gm)  and 
1  =  total  length   (mm) . 

The  Monastyrsky  method  (Tesch,  1971)  was  used  to  back- 
calculate  lengths  at  age  of  fish: 

Predicted  length  =  k  x   (scale  measurement)'^ 

where  k  =  intercept  on  the  ordinate  and 

n=  slope  of  the  relationship. 


Spawning  of  trout  was  monitored  by  determining  the  sexual 
maturity  of  captured  trout,  observing  the  distribution  of  spawners, 
and  searching  for  redd  sites.  Adult  trout  captured  during  the 
spawning  season  were  classified  as  either  ripe  (exuding  sexual 
products),  gravid  (females  with  distended  abdomens  containing 
eggs),  spent  (males  or  females  exhibiting  secondary  sexual 
characteristics  and  collapsed  abdomens),  or  not  ripe  (not 
exhibiting  any  of  the  above  characteristics). 


Values  for  water  velocity  and  depth  at  redd  sites  were 
measured  at  the  upstream  edge  of  the  pit.  The  surface  area  of 
redds  was  determined  by  using  the  formula  (Reiser  and  Wesche  1981): 

Area  =  (1/2  L  x  W^)  +  (1/2  L  x  W2)  +  (1/6  L  x  W3) 

Where  L  =  length  of  redd   (m), 

V72  =  width  across  lower  third  (m) , 

W2  =  width  across  mid  section  (m)  and 

W3  =  width  across  upper  third  (m) . 


Minimum  Flow  Recommendations 

A  wetted  perimeter/inflection  point  method  was  used  to 
quantify  instream  flow  needs  of  trout.  In  general,  this  technique 
derives  wetted  perimeter-discharge  relationships  at  selected 
channel  cross  sections  using  a  computer  model.  A  graphical 
plotting  of  these  relationships  typically  delineates  an  inflection 
point-.  At  this  point,  the  rate  of  loss  of  wetted  perimeter  greatly 
increases  as  discharge  decreases.  Nelson  (1980)  found  standing 
crops  of  adult  trout  substantially  decreased  as  flows  decreased 
below  derived  inflection  points.  A  detailed  description  of  the 
rationale  and  methodology  for  the  wetted  perimeter  method  has  been 
given  by  Nelson   (1983). 


Statistical  Analyses 

Analysis  of  variance  was  used  to  compare  the  data  on  the 
physical  characteristics  of  the  study  sections.  Sample  means  were 
compared  using  the  least  significant  difference  technique  when 
analysis  of  variance  indicated  differences  among  sections.  Linear 
regression  analyses  were  used  to  determine  the  relationship  between 
stage  and  discharge  of  the  river.  Significant  differences  and 
correlations  were  those  in  which  the  probability  of  obtaining  tlie 
same  results  by  chance  was  less  than  0.05  (p<0.05).  Differences  in 
trout  densities  between  study  sections  were  considered 
insignificant  when  80%  confidence  intervals  overlapped. 
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RESULTS 

Bitterroot  River  Discharge 

Discharge  in  1983 

Discharge  of  the  Bitterroot  River  was  monitored  during  1983 
from  stations  established  at  Woodside  and  Bell  crossings 
(Figure  1).  Discharge  at  Woodside  crossing  was  monitored  from 
August  29  through  November  15  using  a  continuous  water  level 
recorder.  At  Bell  crossing,  discharge  was  monitored  by  staff  gage 
readings  from  July  13  througli  August  28  and  by  using  a  continuous 
water  level  recorder  from  August  29  through  November  12.  Rating 
curves  of  stage-discharge  relationships  for  the  staff  gage  at  Bell 
crossing  and  the  water  level  recorders  at  Woodside  and  Bell  cross- 
ings are  shown  in  Appendix  Figures  4-6.  The  least  squares  fit  of 
log  stage  versus  log  discharge  was  determined  to  be  significant  for 
each  rating  curve  (r=0.99,  p<0.01). 

Hydrographs  derived  during  1983  from  the  Woodside  and  Bell 
stations  are  shown  in  Figure  3.  Included  in  this  figure  are 
hydrographs  derived  from  the  U.S.G.S.  stations  on  the  West  Fork 
near  Painted  Rocks  Reservoir  and  on  the  main  stem  near  Darby.  Fean 
daily  flows  (24  hour  averages)  obtained  from  the  Darby,  Woodside 
and  Bell  stations  are  given  in  Appendix  Table  1. 

Discharge  at  the  Darby  and  Bell  stations  progressively  de- 
creased from  early  July  through  mid  August,  From  mid  August 
through  mid  September,  flows  passing  stations  on  the  mairistem 
fluctuated  from  10.4  m^/sec  (367  ft^/sec)  to  17.1  m^/sec 
(603  ft  /sec).  These  fluctuations  were  likely  due  to  a  series  of 
rainfall  events.  Discharge  at  the  Woodside  and  Bell  stations 
progressively  increased  from  mid  September  through  mid  November. 
In  contrast,  flows  at  the  Darby  station  remained  relatively  stable 
through  this  monitoring  period.  Increases  in  flow  at  the  Woodside 
and  Bell  stations  were  probably  due  to  closure  of  irrigation 
diversions  on  the  tributaries  and  on  the  main  stem. 

During  1983,  summer  discharge  was  considerably  greater  than 
median  daily  values  derived  at  the  U.S.G.S.  station  near  Darby 
(Figure  4).  The  release  of  supplemental  water  from  Painted  Rocks 
Reservoir  and  wetter  than  normal  weather  conditions  contributed  to 
the  occurrence  of  these  greater  flows.  Monthly  rainfall  measured 
at  a  station  near  Hamilton  averaged  2.77  cm  (1.1  in.)  greater  than 
normal  during  July,  August  and  September  (V.S.  Dept.  of  Commerce 
1983).  Supplemental  water  was  released  from  Painted  Rocks 
Reservoir  at  a  rate  of  2.83  m  /sec  (100  ft^/sec)  for  the  periods  of 
August  9  to  September  9  and  September  13  to  October  28.  The 
quantity  of  additional  water  released  from  the  reservoir  during 
1983  totaled  14,476  acre  feet. 
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Dischargp   in   1984 

During  1984,  discharge  of  the  Bitterroot  River  was  monitored 
using  continuous  water  level  recorders  installed  at  Hamilton, 
Woodside  crossing  and  Bell  crossing.  Discharge  at  Hamilton  was 
monitored  from,  August  10  through  October  15.  At  Woodside  and  Bell 
crossings,  discharge  was  monitored  from  early  July  through 
October  15.  Discharge  at  these  stations  will  continue  to  be 
monitored  through  the  end  of  November.  Stage-discharge  rating 
curves  derived  for  the  three  stations  are  shown  in  Appendix 
Figures  7-9.  The  least  squares  fit  of  log  stage  versus  log  dis- 
charge was  significant  for  each  rating  curve  (r=0.99  p<0.01).  New 
rating  curves  were  developed  at  the  Woodside  and  Bell  stations 
during  1984  because  changes  in  channel  configuration  occurred  at 
each  site  during  spring  runoff. 

Hydrographs  derived  during  1984  from  the  Hamilton,  Woodside 
and  Bell  stations  are  presented  in  Figure  5.  Included  in  this 
figure  are  hydrographs  derived  from  the  U.S.G.S.  stations  located 
near  Painted  Rocks  Reservoir  and  Darby.  Mean  daily  flows  (24  hour 
averages)  obtained  from  the  Darby,  Hamilton,  Woodside  and  Bell 
stations  are  given  in  Appendix  Table  2.  Minimum  flows  recorded  at 
the  respective  stations  were  12.1,  10.6,  10.4,  and  8.8  m  /sec  (427, 
373,  368,  and  311  ft  /sec).  These  minimum  flows  were  achieved 
during  August. 

Flows  monitored  from  the  main  stem  stations  progressively 
decreased  from  early  July  through  late  August  and  substantially 
increased  during  early  September.  Increases  in  discharge  were 
apparently  due  to  an  increase  in  precipitation  and  a  reduction  in 
irrigation  withdrawals.  During  September,  discharge  at  the 
Hamilton,  Woodside  and  Bell  stations  exhibited  large  fluctuations. 
These  fluctuations  were  protably  caused  by  individual  precipitation 
events.  Fluctuations  in  flow  were  smaller  at  the  Darby  station 
since  fewer  tributaries  contribute  to  inflow  above  this  site  than 
at  downstream  stations.  Discharge  progressively  decreased  at  the 
main  stem  stations  from  September  through  mid  October. 

Discharge  during  the  summer  of  1984  v;as  greater  than  median 
daily  valves  derived  at  the  U.S.G.S.  gage  station  near  Darby 
(Figure  6).  Again,  the  release  of  supplemental  water  from  Painted 
Rocks  Reservoir  contributed  to  the  occurrence  of  these  greater 
flows.  Releases  of  additional  water  during  1984  were  based  on  a 
schedule  described  in  the  draft  water  management  plan  (Lere  1984). 
A  test  spill  of  5.66  m  /sec  (200  ft  /sec)  was  released  during 
August  11-16.  From  August  18  to  September  19,  supplemental  water 
was  released  at  a  rate  of  4.25  m  /sec  (150  ftVsec).  Beginning 
Septeirter  20,  supplemental  water  v;as  released  at  a  rate  of 
2.12  m  /sec  (75  ff^/sec).  The  release  of  additional  water  ended  on 
October  7.  The  resultant  quantity  of  supplemental  water  released 
from  the  reservoir  during  1984  totaled  14,269  acre  feet. 
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Flow  relationships 

Flow  relationships  among  the  main  stem  stations  varied 
annually  and  seasonally.  These  relationships  were  dependent  upon 
rainfall  events  and  the  timing  and  duration  of  the  irrigation 
season.  Inflow  from,  precipitation  events  and  outflow  from, 
irrigation  withdrawals  affected  discharge  to  a  greater  extent  at 
the  Woodside  and  Bell  stations  than  at  the  Darby  station  due  to  the 
additive  effects  of  diversions  and  tributaries  in  a  downstream 
direction.  TTie  effects  of  supplemental  water  releases  on  discharge 
also  varied  among  stations.  Due  to  the  complexity  of  the  basin, 
flow  routing  models  that  have  been  developed  are  relatively 
inaccurate.  Flow  relationships  among  reaches  of  river  are  better 
defined  by  monitoring  discharge  at  strategic  stations  for  a 
substantial  period  of  time.  Flow  relationships  and  the  development 
of  a  routing  model  are  discussed  in  detail  in  the  draft  water 
management  plan   (Lere  1984). 


Assessment  of  Bank  .Storage 

Tl'ie  effect  of  bank  storage  and  groundwater  on  discharge  of  the 
Bitter root  River  was  evaluated  during  1983  using  two  simultaneous 
methods.  In  the  first  method,  a  water  balance  equation  was  derived 
where  data  were  obtained  to  solve  for  the  bank  storage  variable. 
Data  were  gathered  in  the  reach  of  river  between  Woodside  and  Bell 
crossings.     The  equation  derived  for  the  water  balance  was: 

Z^St     =   (1+  +  T+)   -   (G+  +  D+)  where 

/^^  =  volume  of  water  released  from  bank  storage  plus 
groundwater  inflow  over  time  (t) , 

I^.  =  volume  of  inflow  from  the  Bitterroot  River  at 
Woodside  crossing  over  time  (t) , 

T^  =  volume  of  inflow  from  tributaries  and  returns 

between  Woodside  and  Bell  crossings  over  time  (t) , 

0^.  =  volume  of  outflow  from  the  Bitterroot  River  at 
Bell  crossing  over  time  (t)  and, 

D^  =  volume  of  outflow  from  diversions  between 
Woodside  and  Bell  crossings  over  time  (t). 


A  72  hour  period  between  August  29  and  September  1  was  chosen 
for  assessment.  Water  was  expected  to  be  released  from  bank 
storage  during  this  period  because  discharge  of  the  river  decreased 
about  2.83  m  /sec  (100  ft  /sec)  over  the  72  hours.  Flows  from 
tributaries,  returns  and  diversions  within  the  study  reach  were 
measured  between  August  29  and  September  9.  Inflow  from  trib- 
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3  3 

utaries  and  returns  totaled  3.98  m  /sec  (141  ft  /sec)  and  outflow 

from  diversions  totaled  5.90  m  /sec  (208  ft  /sec).  Flows  of  trib- 
utaries, returns  and  diversions  were  assumed  to  remain  constant. 
For  the  72  hour  period,  inflow  of  the  Bitterroot  River  at  Woodside 
crossing  averaged  13.59  m  /sec  (480  ft  /sec)  and  outflow^ of  the 
river  at  Bell  crossing  averaged  12.29  m  /sec  (434  ft  /sec). 
Solving  for  /\Sy2  (change  in  bank  storage  over  72  hours)  with  terms 
in  acre  feet: 

/^■72     =     (2855.9  +  836.3)-72  "   (2583.1  +  1238.9) -72 

/\£'j2     =  -129.78  acre  feet 

or   Z^72  =  -O.eimVsec  (-21.63ftVsec)  for  72  hours. 


By  this  method,  bank  storage/groundwater  inflow  contributed 
approximately  0.61  m  /sec  (21.63  ft  /sec)  to  the  discharge  of  the 
Bitterroot  River  between  Woodside  and  Bell  crossings  during  the  72 
hours. 

For  the  second  method,  three  observation  wells  were  installed 
near  Bell  crossing  to  monitor  fluctuations  in  groundwater  levels  in 
relation  to  changes  in  river  discharge.  The  fluctuation  in  ground- 
water levels  were  closely  correlated  with  changes  in  river  dis- 
charge, with  groundwater  levels  lagging  approximately  one  hour 
behind  discharge  (Figure  7).  Groundwater  levels  observed  in  the 
well  nearest  the  river  were  consistantly  lower  than  surface  water 
elevations.  This  phenomenon  was  unexpected  and  was  possibly  due  to 
groundwater  flowing  parallel  with  river  flows  (Dr.  Woessner, 
personal  communication). 

The  period  chosen  for  assessment  corresponded  to  the  72  hour 
period  used  for  the  water  balance  method.  Water  level  fluctuations 
observed  over  this  time  period  are  shown  graphically  in  Figure  8. 
Changes  in  groundwater  levels  diminished  with  distance  from  the 
edge  of  the  river.  Theoretically,  inflow  of  bank  storage  into  the 
river  equalled  the  water  lost  from  the  change  in  the  elevation  of 
water  levels  recorded  between  August  29  and  September  1.  The 
change  in  water  level  elevations  formed  a  shape  similar  to  a  wedge. 
The  volume  of  water  released  from  bank  storage  was  calculated  by 
computing  the  area  of  this  wedge  and  multiplying  by  the  length  of 
the  study  reach.  A  specific  yield  value  was  then  applied  to  this 
computed  volume  to  obtain  the  quantity  of  water  released  from  bank 
storage.  Assumptions  made  for  the  purpose  of  computation  were: 

1.  Groundwater  levels  fluctuated  uniformly  between  Woodside 
and  Bell  crossings. 

2.  Groundwater  levels  fluctuated  uniformly  on  the  east  and 
west  sides  of  the  river. 
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Specific  yield  (amount  of  water  yielded  by  an  aquifer) 
averaged  0.20  for  the  area  of  concern. 


By  this  approach,  the  calculated  volume  of  water  released  from 
bank  storage  in  the  reach  of  river  between  Woodside  and  Bell 
crossings  totalled  123.72  acre  feet  or  0.58  m  /sec  (20.6  ft  /sec) 
over  the  72  hour  period.  This  volume  is  similar  to  129.8  acre  feet 
computed  from  the  water  balance  equation. 

Assessments  from  both  methods  indicated  inflow  from  bank 
storage  did  not  contribute  significant  quantities  of  water  to 
discharge  in  the  Bitterroot  River.  In  support  of  this  conclusion, 
a  flow  routing  model  for  the  Bitterroot  River  derived  by  the 
U.S.G.S.  indicated  the  effect  of  bank  storage  releases  on  discharge 
was  relatively  insignificant  (Parrett  1984).  However,  an  unpub- 
lished base  flow  study  by  the  U.S.G.S.  determined  discharge  in  the 
Bitterxoot  River  between  Hamilton  and  Bell  crossing  gained 
5.61  m  /sec  (198  ft  /sec)  from  inflow  of  groundwater  (U.S.G.S. 
1970;  cited  in  Senger  1973).  These  contrasting  data  indicate  the 
effects  of  bank  storage  and  groundwater  on  discharge  in  the 
Bitterroot  River  are  complex  and  poorly  understood.  A  sig- 
nificantly greater  effort  would  be  required  to  fully  quantify  these 
relationships. 


Test  releases  from  Painted  Rocks  Reservoir 

Supplemental  water  released  into  the  Bitterroot  River  may 
become  depleted  as  a  result  of  natural  phenomena  (infiltration, 
evapotranspi ration)  or  by  withdrawals  from  main  stem  irrigation 
systems.  Two  test  spills  from  the  reservoir  were  conducted  during 
April  and  August,  1984  to  determine  the  extent  of  these  depletions. 
During  April,  an  additional  5.66  m  /sec  (200  ft  /sec)  was  released 
from  the  reservoir  for  a  period  of  47  hours.  The  U.S.G.S.  station 
located  on  the  West  Fork  was  used  to  monitor  this  test  release. 
Changes  in  flow  in  the  Bitterroot  River  were  monitored  using  the 
U.S.G.S.  gage  near  Darby  and  a  water  level  recorder  at  Bell 
crossing.  Results  of  this  release  are  shown  graphically  in 
Figure  9.  Approximately  794  acre  feet  of  supplemental  water  was 
released  during  the  test.  This  block  of  additional  water  took  8 
hours  to  reach  the  Darby  station  and  24.5  hours  to  reach  the  Bell 
station.  About  18%  of  the  supplemental  water  was  lost  before 
reaching  the  Darby  station  and  about  63%  was  lost  before  passing 
Bell  crossing. 

During  August,  an  additional  5.66  m^/sec  (200  ft  /sec)  was 
released  from  the  reservoir  for  a  period  of  117  hours.  Again,  the 
U.S.G.S.  station  located  on  the  West  Fork  was  used  to  monitor  this 
test  release.  Changes  in  flow  in  the  Bitterroot  River  were 
monitored  using  the  U.S.G.S.  gage  near  Darby  and  water  level  re- 
corders at  Hamilton,  Woodside  crossing  and  Bell  crossing.  Results 
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Figure  a  Hydrographs  derived  fror,  the  West  Fork,  Darby,  and  Bell  crossing  stations 
during  a  test  release  of  water  from  Painted  Rocks  Reservoir  conducted 


in  April,  1984. 
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of  this  release  are  shown  graphically  in  Figures  10  and  11. 
Approximately  1,913  acre  feet  of  supplemental  water  were  released 
from  the  reservoir  during  this  test.  This  block  of  additional 
water  took  about  8,  17,  18  and  24  hours,  respectively,  to  reach  the 
Darby,  Hamilton,  Woodside,  and  Bell  stations.  Approximately  24%  of 
the  supplemental  water  was  lost  before  reaching  the  Darby  station. 
About  78%  of  the  original  release  was  estimated  to  reach  the 
Hamilton  station.  Gains  in  river  discharge  from  tributary  inflow 
were  apparently  equal  to  losses  from  irrigation  withdrawals  and 
natural  causes  between  the  Darby  and  Hamilton  stations.  Approxi- 
mately 33%  of  the  original  release  was  lost  before  reaching 
Woodside  crossing.  The  greatest  depletion  of  the  supplemental 
block  of  water  occurred  between  Woodside  and  Bell  crossings.  Only 
37%  of  the  original  release  passed  the  Bell  station. 

The  loss  of  supplemental  water  from  irrigation  withdrawals 
could  not  be  separated  from  losses  due  to  natural  causes.  A 
majority  of  the  water  lost  between  the  reservoir  and  the  Darby 
station  is  probably  due  to  natural  phenomena  since  only  a  few  minor 
diversions  and  pumping  sites  remove  water  between  these  two 
stations.  In  contrast,  a  majority  of  the  water  lost  between 
Woodside  and  Bell  crossings  is  probably  due  to  irrigation 
withdrawals  since  two  major  diversions  and  numerous  minor  canals 
remove  substantial  quantities  of  water  between  these  two  stations. 
These  data  support  the  need  to  monitor  flows  in  the  dewatered  reach 
of  the  river  to  assure  supplemental  water  would  remain  instream. 
The  major  diversions  on  the  river  also  would  need  to  te  monitored 
to  assure  that  withdrawals  do  not  exceed  the  appropriation  rights 
for  each  ditch  system. 


Reservoir  Drafting 

The  elevation  of  the  water  level  in  Painted  Rocks  Reservoir 
was  monitored  periodically  from  August  10  through  October  29,  1984 
to  monitor  the  effects  of  accelerated  drafting.  Elevations  of  the 
reservoir  level  measured  during  1984  are  presented  in  Table  2.  The 
level  of  the  reservoir,  following  spring  runoff,  remained  above  or 
at  full  pool  through  mid  August.  From  mid  August  through  the  end 
of  October  the  reservoir  was  steadily  drawn  down.  The  elevation  of 
the  reservoir  level  on  October  29  was  10.1m  (33.22  ft.)  below  the 
elevation  of  the  spillway.  Approximately  15,200  acre  feet  of  water 
remained  in  storage  on  this  date.  The  median  value  for  storage 
contents  at  the  end  of  October  is  about  21,275  acre  feet  (Brown 
1982).  The  release  of  an  additional  14,000  acre  feet  from  the 
reservoir  during  1984  apparently  drafted  the  reservoir  to  a  greater 
than  normal  extent.  End  of  month  contents  for  August,  September 
and  October  were  less  than  median  values  given  by  Brown   (1982). 
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Table  2.  Water  level  elevations  and  associated  storage  measured  in 
Painted  Rocks  Reservoir  during  1984. 


Date  Elevation  (ft.)  Storage  (Acre-Feet)^ 


4,725.48'  32,362 

4,713.37  25,000 

4,703.93  20,300 

4.701.05  18,800 

4.696.06  16,800 


8-10-84 

9-  4-84 

9-1S-84 

9-26-84 
10-16-84  -,,^^^.^^  ^^,^^^ 

10-29-84  4,692.26  15,200 

Elevation  of  spillway  is  4,725.30  ft. 

2 

Obtained  from  storage  rating  curve  given  by  Brown  (1982) 

The  effects  of  reservoir  draw  down  on  boat  launching  was 
monitored  at  three  public  sites  (Figure  12).  At  the  campground  on 
Little  Boulder  Creek,  the  boat  ramp  became  unusable  due  to  draw 
down  by  mid  September.  On  October  29,  the  distance  from  the  top  of 
the  ramp  to  waters  edge  was  approximately  84  in  (276  ft.).  Launching 
of  boats  from  the  Slate  Creek  campground  became  difficult  during 
mid  September  due  to  the  exposure  of  a  mudflat.  Boats  are  launched 
from  a  gravel  beach  at  this  campground.  On  October  29,  the  dis- 
tance from  the  gravel  beach  to  waters  edge  was  about  350m 
(1,148  ft).  The  boat  ramp  at  the  state  recreation  area  became 
unusable  by  early  September.  An  extensive  mudflat  was  exposed  at 
this  site  due  to  drafting  of  the  reservoir.  The  distance  from  the 
bottom  of  the  boat  ramp  to  waters  edge  on  October  29  was  approx- 
imately 692  m  (2,271  ft). 

Recreational  use  of  Painted  Rocks  Reservoir  appeared  to 
decline  during  September.  This  decline  was  probably  due  to  the 
loss  of  boat  launching  facilities  and  to  cooler  weather  conditions. 
An  extension  of  the  boat  ramp  at  the  campground  on  Little  Boulder 
Creek  could  delay  the  loss  of  launching  facilities  due  to 
accelerated  drawdown  of  the  reservoir. 


Water  Temperature 

West  Foi:k  Qf  Bitter  root  Rive?: 

Water  temperatures  in  the  West  Fork  of  the  Bitterroot  River 
were  monitored  near  the  base  of  Painted  Rocks  Reservoir  during 
August  26  to  December  5,  1983  and  during  March  19  to  October  29, 
1984.  Recordings  from  a  maximum/minimum  thermometer  and  individual 
observations  are  presented  in  Figure  13.  Water  temperatures  ranged 
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Figure  12.  Map  of  Painted  Rocks  Reservoir  showing  campgrounds  and 
boat  launching  facilities. 
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Figure  13.   Water  temperatures  monitored  in  the  West  Fork  of 
the  Bitterroot  River  near  Painted  Ptocks  Reservoir 
during  1983  cind  1984.   Bars  represent  maximum/ 
minimum  thermometer  readings.   Plus  signs  represent 
individual  thermometer  readings. 
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from  1.7  to  13.3C  (35  to  56F)  during  1983.     Temperatures  recorded 
in  1983  exhibited  a  cooling  trend  beginning  in  October. 

In  1984,  water  temperatures  ranged  from  2.2  to  15. OC  (36  to 
59f).  Water  temperatures  warmed  progressively  through  July  and 
began  to  cool  during  October.  The  maximum  temperature  was  reached 
during  the  first  half  of  July.  Water  temperatures  did  not  appear 
to  be  significantly  affected  by  the  release  of  additional  water 
from  the  reservoir.  Spot  observations  indicated  water  temperatures 
decreased  approximately  ].1C  (2. OF)  upon  the  release  of 
supplemental  water. 


Mgin  stem  of  the  Bitterroot  River 

Water  temperatures  in  the  Bitterroot  River  were  monitored 
during  the  first  week  in  March  to  the  end  of  September,  1984  at 
stations  established  near  Darby,  Hamilton,  Bell  crossing  and  McClay 
bridge  (Figure  1).  Water  temperatures  monitored  at  each  station 
progressively  warmed  from  March  through  late  July  or  early  August 
(Figures  14  and  15).  In  addition,  maximum  daily  temperatures 
measured  at  successive  stations  warmed  in  a  downstream  direction  to 
Bell  crossing.  Maximum  daily  temperatures  recorded  at  the  Bell  and 
McClay  stations,  however,  remained  similar  through  the  monitoring 
period.  Cooler  tributary  inflow  between  these  stations  may  have 
prevented  further  warming  of  the  river.  Daily  maximum  temperatures 
averaged  11.0,  12.5,  13.9  and  13.6c  (51.9,  54.5,  57.0,  and  56.5F) 
at  the  Darby,  Hamilton,  Bell  and  McClay  stations,  respectively. 
The  release  of  supplemental  water  from  Painted  Rocks  Reservoir 
during  1984  did  not  appear  to  significantly  affect  water  temp- 
eratures  in  the  river. 

Daily  maximum  and  minimum  temperatures  recorded  in  the  river 
at  the  4  stations  are  presented  in  Appendix  Tables  3-6.  Maximum 
water  temperatures  recorded  at  the  Darby,  Hamilton,  Bell  and  McClay 
stations  were  20.3,  21.6,  22.2  and  21.6C  (68.5,  71.0,  72.0  and 
71. OF),  respectively.  These  temperatures  were  recorded  at  each 
station  during  July  25  or  26.  Diel  fluctuations  of  water  temp- 
erature averaged  3.66,  3.61,  3.44,  and  2.00c  ^.€.6,  6.5,  6.2  and 
3.6F),  respectively,  at  the  Darby,  Hamilton,  Bell,  and  McClay 
stations.  Statistical  comparisons  of  water  temperature  among 
stations  will  be  presented  in  the  final  report.  Water  temperatures 
will  continue  to  be  monitored  through  November,   1984. 

Water  temperatures  that  are  greater  than  17-20C  (63-68F)  have 
been  shown  to  exceed  the  physiological  optimum  for  growth  in 
salmonids  (Brett  et  al.  1969,  Brockson  and  Bugge  1974). 
Temperatures  exceeded  19.4c  (67F)  on  2,  22,  30  and  40  days,  re- 
spectively, at  the  Darby,  Hamilton,  Bell  and  McClay  stations. 
These  data  indicate  water  temperatures  upstream  from  Darby  were 
probably  optimal  for  trout  survival  in  1984.  Downstream  from 
Hamilton,  temperatures  recorded  in  the  river  during  1984  were 
somewhat  less  than  optimal   for   trout.      However,    temperatures   re- 
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Figure  14.   Five  day  averages  of  maximum  temperatures  recorded 
at  the  Darby,  Hamilton  and  Bell  stations  on  the 
Bitterroot  River  during  1984. 
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Figure  15.  Five  day  averages  of  maximum  temperatures  recorded  at 
the  McClay  station  on  the  Bitterroot  River  during  1984. 
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corded  in  the  lower  river  were  much  less  than  the  critical  thermal 
maxima  of  28C  (82F)  reported  for  trout  by  Lee  and  Rhine  (1980)  and 
are  probably  adequate  for  trout  viability. 


Water  Quality  Paraineters 

Water  quality  was  monitored  during  1983  and  1984  at  three 
stations  established  on  the  Bitterroot  River  and  at  two  stations 
established  on  irrigation  returns  (Figure  1).  The  values  of 
selected  chemical  parameters  measured  at  the  five  stations  are 
presented  in  Appendix  Tables  7-15.  The  mean  values  and  ranges  of 
these  chemical  parameters  are  given  in  Table  3.  Mean  values  of  pfi, 
bicarbonate,  total  phosphorus,  conductivity,  and  total  alkalinity 
increased  in  a  downstream  direction  at  successive  stations  on  the 
Bitterroot  River.  These  increases  were  probably  due  to  inputs  of 
chemical  constituents  from  tributary  inflow  and  from  irrigation 
returns.  Mean  values  of  all  measured  parameters,  excepting  pB.  and 
total  ammonia,  were  greater  in  the  irrigation  returns  than  in  the 
Bitterroot  River.  A  comparison  of  ionic  concentrations  among  the 
five  stations,  as  measured  by  specific  conductance,  is  shown  in 
Figure  16. 

Based  on  the  chemical  parameters  that  were  monitored,  water  in 
the  Bitterroot  River  can  be  considered  favorable  in  quality.  Total 
nitrogen  and  phosphorus  levels  measured  in  the  river  were  less  than 
problem  criteria  for  running  waters  given  by  the  Environmental 
Protection  Agency  (Kills  et  al.  1982),  The  Environmental 
Protection  Agency'   (EPA)   criteria  are  presented  in  Table  4. 

Table  4.     EPA  criteria  for  total  phosphorus  and  nitrogen  in  running 
waters. 


Total  Phosphorus 
(mg/1) 

Total  Nitrogen 
(mg/1) 

Significance 

0.013 

0.092 

Problem  threshold 

0.13 

0.92 

Problem  likely 

1.3 

9.2 

Severe  problem 

Although  less  than  the  problem  criteria  given  by  EPA,  nutrient 
levels  in  the  irrigation  returns  v/ere  substantially  greater  than 
levels  in  the  river.  The  source  of  these  nutrients  was  apparently 
from  the  application  of  fertilizers  on  surrounding  farmlands  and 
from  livestock  wastes.  The  presence  of  dense  growths  of  aquatic 
vegetation  within  the  irrigation  returns  was  probably  a  result  of 
these  higher  nutrient  levels. 
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Figure  16.     Measurements    of    conductivity     (u    mhos/cm)     in    the 
Bitterroot  River  and  irrigation  returns  during  1984. 
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The  un-ionized  forin  of  ammonia  is  toxic  to  freshwater  aquatic 
life.  The  presence  of  this  un-ionized  form  is  dependent  upon  total 
ammonia  concentration,  pH,  temperature  and  ionic  strength.  Total 
ammonia  concentrations  monitored  in  the  river  and  irrigation 
returns  were  well  below  concentrations  needed  to  reach  toxic  levels 
of  the  un-ionized  form  within  the  ranges  of  pH  and  temperature 
measured  at  the  five  stations.  The  EPA  criterion  for  ammonia  in 
un-ionized  form  is  0.02  mg/1  (Environmental  Protection  Agency 
1976).  Ammonia  concentrations  monitored  at  the  five  stations  were 
relatively  low  despite  the  common  use  of  anhydrous  ammonia  as 
fertilizer  on  surrounding  farmlands. 

The  values  for  pH,  bicarbonate,  nitrate,  and  alkalinity 
measured  at  the  five  stations  were  within  the  range  of  values 
expected  to  occur  in  relation  to  the  geologic  characteristics  of 
the  valley.  The  values  for  dissolved  oxygen  monitored  at  the  five 
stations  were  commonly  above  saturation  levels.  These  data 
indicate  favorable  water  quality  in  the  Bitterroot  River.  Water 
quality  will  continue  to  be  monitored  through  November,   1984. 


Physical  Characteristics  Of  Study  Sections 

Selected  physical  characteristics  measured  in  the  Darby, 
Tucker  East  and  Tucker  West  sections  are  presented  in  Table  5. 
Differences  in  widths  and  depths  among  the  study  sections  were 
partially  due  to  the  presence  of  side  channels  and  to  the  charac- 
teristic channel  split  of  the  Tucker  section.  The  mean  number  of 
channels  containing  water  was  significantly  greater  in  the  Darby 
and  Tucker  East  sections  than  the  Tucker  West  section.  Few  side 
channels  were  present  in  the  Tucker  West  section.  Mean  total 
widths  (side  channels  included)  v;ere  significantly  different  among 
the  three  study  sections.  Total  width  was  greatest  in  the  Darby 
section,  intermediate  in  the  Tucker  East  section,  and  least  in  the 
Tucker  West  section.  Width  of  the  dominant  channel  was  signifi- 
cantly greater  in  the  Darby  section  than  in  the  two  Tucker 
sections.  Mean  depths  and  thalweg  depths  in  the  Darby  and  Tucker 
West  sections  were  not  significantly  different,  but  were 
significantly  greater  than  in  the  Tucker  East  section.  These  data 
indicate  the  dominant  channel  of  the  Darby  section  was  relatively 
wide  and  deep  in  comparison  to  the  narrow,  shallow  channel  of  the 
Tucker  East  section  and  the  narrow,  deep  channe]  of  the  Tucker  West 
section. 

Pool  numbers  as  measured  by  pool-riffle  periodicity  were  not 
significantly  different  among  study  sections.  In  contrast,  the 
pool-riffle  ratio  was  less  in  the  Darby  section  than  in  the  Tucker 
East  and  Tucker  West  sections.  Average  pool  length  was  similar 
among    study    sections.      Mean    riffle    length,    however,    was 
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T^ble  5.  Selected  physical  characteristics  of  study  sections  in 
the  Bitterroot  River  measured  during  August,  1984. 
Standard  deviations  in  parentheses. 


Section 

Parameter 

Darby 

Tucker 
East 

Tucker 
West 

Mean  number  of  channels 

1.55 
(0.68) 

1.68 
(0.66) 

1,05 
(0.22) 

Mean  total  width  (m)-*- 

45.4 
(10.3) 

37.9 
(13.1) 

27.7 
(8.2) 

Mean  dominant  channel  width  (m) 

42.2 
(9.4) 

25.9 
(8.1) 

27.2 
(8.1) 

Mean  depth  (cm) 

54 
(37) 

44 
(33) 

52 
(36) 

Mean  thalweg  depth  (cm) 

96 

(34) 

75 
(31) 

93 

(34) 

Pool-riffle  periodicity 

8.11 
(3.62) 

7.29 
(2.56) 

10.98 
(4.78) 

Mean  pool  length  (m) 

187.9 
(91.7) 

143.6 
(70.5) 

228. y 
(111.2) 

Mean  riffle  length  (m) 

155.5 
(135.6) 

45.1 
(19.0) 

69.5 
(42.2) 

Pool  riffle  ratio 

1.21 

3.19 

3.29 

Gradient  % 

3.21 

2.44 

2.44 

Discharge  (mVsec)^ 

12.0-16.3 

6.0-6.3 

5.2-6.0 

Section  length  (km) 

9.36 

8.88 

8.95 

Surface  area  (km^) 

0.425 

0.337 

0.248 

sum  of  main  channel  and  side  channel  widths 
^     discharge  when  characteristics  were  measured 
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significantly  greater  in  the  Darby  section  than  the  two  Tucker 
sections.  These  data  indicate  the  Darby  section  contained  a 
greater  quantity  of  riffle  habitat  than  the  Tucker  East  and  Tucker 
West  sections. 

The  surface  areas  of  potential  overhanging  and  instreain  cover 
in  the  three  study  sections  are  presented  in  Table  6.  The  total 
amount  of  potential  cover  present  was  less  in  the  Darby  and  Tucker 
East  sections  than  the  Tucker  VZest  section.  The  Tucker  West 
section  contained  approximately  200%  more  cover  than  did  the  other 
two  sections.  Shoreline  debris  was  the  dominant  cover  type  in  the 
Darby  section,  comprising  36.7%  of  the  total  amount  of  cover 
present.  Inst ream  debris  was  the  dominant  cover  type  in  the  Tucker 
East  and  Tucker  West  sections.  Instream  debris  comprised  44.1  and 
49.1%  of  the  total  amount  of  cover  present  in  the  Tucker  East  and 
Tucker  West  sections,  respectively.  A  majority  of  the  debris  in 
all  three  sections  was  composed  of  snags  from  fallen  cottonwood  and 
conifer  trees. 

Several  studies  have  demonstrated  the  importance  of  pool  area 
and  cover  to  trout  populations  (Boussu  1954,  Lewis  1969,  Enk  1977). 
Based  on  pool  and  cover  characteristics  measured  in  the  Bitterroot 
River,  the  amount  of  potential  habitat  for  trout  appears  to  be 
greater  in  the  Darby  and  Tucker  West  sections  than  in  the  Tucker 
East  section.  However,  pool  and  cover  features  represent  only  a 
general  irieasure  of  habitat  quality.  Seasonal  fluctuations  in  flow, 
especially  the  historical  problem  of  dewatering  in  the  Tucker 
section,  is  probably  a  major  factor  in  determining  carrying 
capacity  for  trout  in  the  Bitterroot  River. 


Parameters  Of  Salmonid  Populations 

Population  estimates 

The  numbers  and  sizes  of  each  species  of  trout  captured  in  the 
study  sections  during  the  Fall,  1983  are  presented  in  Appendix 
Table  16.  Rainbow  trout  was  the  dominant  species  in  the  Darby 
section,  comprising  55%  of  the  total  numbers  of  trout  collected. 
In  contrast,  brown  trout  was  the  dominant  species  in  the  Tucker 
section,  comprising  63%  of  the  total  numbers  of  trout  collected. 
Rainbow  trout  and  brown  trout  captured  in  the  Darby  section  were 
smaller  in  mean  total  length  and  weight  than  those  collected  in  the 
Tucker  section. 

Estimates  of  the  num.bers  and  biomass  of  1+  and  older  rainbow 
trout  and  brown  trout  obtained  from  the  Darby  (control)  and  Tucker 
(dewatered)  sections  during  the  Fall,  2983  are  presented  in 
Table  7.  Densities  of  rainbow  trout  per  kilometer  (km.)  were 
significantly  greater  in  the  Darby  section  than  the  Tucker  section. 
Numbers  of  rainbow  trout  estimated  in  the  Darby  section  were  about 
335%  greater  than  the  numbers  estimated  in  the  Tucker  section. 
Numbers  of  brown  trout  estimated  per  km  were  not  significantly 
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Table  6.  Area  (m  /400ni)  of  potential  cover  in  the  study  sections 
of  the  Bitterroot  River  measured  during  August,  1984. 


Section 

Cover  Type 

Darby 

Tucker 
East 

Tucker 
West 

Shore] ine  overhang 
Brush-^ 
(%  of  total  cover) 

14.94 

(18.5) 

3.81 
(4.8) 

51.82 
(19.8) 

Debris^ 

(%  of  total  cover) 

2P.57 
(36.7) 

15.24 
(19.3) 

19.20 
(7.3) 

Undercut-^ 
(%  of  total  cover) 

7.32 
(9.1) 

8.23 
(10.5) 

24.38 
(9.3) 

Rock  shelf^ 

(%  of  total  cover) 

22.10 
(27.4) 

16.76 
(21.3) 

38.10 
(14.5) 

Instream 
Debris 
(%  of  total  cover) 

Total  Cover 


6.71 
(8.3) 

80.62 


34.75 
(44.1) 

78.79 


128.93 
(49.1) 

262.43 


;:  Overhanging  rooted  woody  vegetation 
^  Snags,  driftwood,  and  logs 
^  Undercut  streambanks 

Shelves  of  rock  within  or  overhanging  the  water 
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Table  7.     Fstinates  of  nurters 

(N) ,   bioniasE 

and  age  structures  of  rainbow  trout 

and  brown  tr 

out  in  ttie  study  sect. 

the  Eitterroot  Kiver 

obtained  dur 

ing  the  Fall, 

1983 

.     80S,  confidence 

intervals  in 

parentheses. 

Age 

Per   Kilometer 

Per  Mile 

Eiomass 

BioniasE 

Section                   Species 

Group 

N 

(ka) 

N 

(ka) 

Jarby                         P.ainbo\v  tiout 

1+ 

173 

10.11 

279 

16.27 

11+ 

148 

27.01 

239 

43.47 

III  + 

118 

42.71 

190 

68.74 

IV+ 

and  older 

53 

29.86 

§5 

48.06 

Total 

492 

109.69 

793 

176.54 

(363-621) 

(88.22-131.16) 

(585-1001) 

(141.99-211.09) 

Brown  Trout 

1+ 

53 

3.91 

86 

6.29 

11+ 

42 

9.69 

67 

15.59 

111+ 

23 

12.23 

38 

19.68 

IV+ 

and  older 

^1 

18.86 

34 

3P.35 

Total 

139 

44.69 

225 

71.91 

(113-165) 

(37.37-52.01) 

(184-266) 

(60.13-83.69) 

Tucker                     Rainbovi  trout 

1+ 

tto  Est 

irr^te 

No  Estiirate 

(East  Qiannf-]) 

11+ 

15 

2.47 

24 

3.98 

III+ 

24 

7.69 

38 

12.38 

IV+ 

and  older 

26 

18,67 

42 

30,05 

Total 

65 

28.83 

104 

46.41 

(53-77) 

(24.33-33.33) 

(85-123) 

(39.18-53.64) 

Eroivn  Trout 

1  + 

12 

1.74 

19 

2.79 

11  + 

12 

2.87 

20 

4.63 

111+ 

14 

7.27 

22 

11.70 

IV+ 

and  older 

_27 

26,42 

43 

42.51 

Total 

65 

38.30 

104 

61.63 

(58-72) 

(33.45-43.15) 

(93-115) 

(53.82-69.44) 

Tucker                     Raintovi  Tiout 

1+ 

5 

0.29 

7 

0.47 

(Lett  a.urmc] ) 

11+ 

15 

2.01 

25 

3.24 

111  + 

13 

4.17 

21 

6.71 

IV+ 

and  older 

JJ 

10.83 

25 

17,42 

Tot£l 

49 

17.30 

78 

27.84 

(38-60) 

(13.35-21.25) 

(60-56) 

(21.48-34.20) 

Ti'cktr                       Diowii  Trout 

1+ 

12 

1.13 

20 

1.81 

(l-:est  Chaime] ) 

11  + 

20 

3.54 

32 

5.70 

111+ 

16 

6.85 

25 

11.02 

rv+ 

end  older 

26 

26J7 

42 

43.24 

Total 

74 

38.39 

119 

61.77 

(63-85) 

(33.73-43.05) 

(101-137) 

(54.27-65.27) 

Tucker                       Rainbow  Trout 

Total 

114 

46.13 

182 

74.25 

(Corbired) 

(98-130) 

(40.14-52.12) 

(156-200) 

(64.55-83.78) 

Brown  Trout 

Total 

139 

76.69 

223 

123.40 

(126   152) 

(69.96  83.42) 

(202   244) 

(112.63-134.31) 
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different  between  the  Darby  and  Tucker  sections.  However,  the 
biomass  of  brown  trout  was  significantly  less  (42%)  in  the  Darby 
section  than  the  Tucker  section.  Trout  densities  estimated  per  km, 
with  the  exception  of  rainbow  trout  biomass,  were  not  significantly 
different  between  east  and  west  channels  of  the  Tucker  section. 
The  estimated  biomass  of  rainbow  trout  was  significantly  greater  in 
the  east  channel  than  in  the  west  channe]. 

Age  and  size  structures  of  the  population  estimates  obtained 
in  tite  Darby  and  Tucker  sections  during  the  Fall,  1983  are  compared 
in  Figure  17.  Age  1+  fish  comprised  the  greatest  proportion  of 
numbers  among  age  groups  in  the  Darby  section.  In  contrast,  age 
IV+  and  older  fish  dominated  numbers  among  age  groups  in  the  Tucker 
section.  Differences  in  size  structures  between  study  sections 
were  reflective  of  age  structure  differences. 

During  the  fall  of  1982,  rainbow  trout  densities  in  the  Darby 
section  were  estimated  by  the  Montana  Department  of  Fish,  Wildlife 
and  Parks  (Table  8).  Estimated  numbers  of  rainbow  trout  were  not 
significantly  different  between  1982  and  1983.  However,  biomass 
estimates  of  rainbow  trout  were  significantly  less  in  1982  than  in 
1983. 

The  numbers  and  sizes  of  each  species  of  salmonid  captured  in 
the  study  sections  during  the  Spring,  1984  are  presented  in 
Appendix  Table  17.  Mountain  whitefish  was  the  dominant  salmonid 
species  collected  in  both  study  sections.  Among  trout  species, 
rainbow  trout  comprised  a  majority  of  the  total  numbers  collected 
in  the  Darby  section.  Brown  trout  comprised  a  majority  of  the 
total  numbers  of  trout  collected  in  the  Tucker  section.  These 
catch  statistics  were  similar  to  the  collections  obtained  during 
the  Fall,  1983. 

Estimates  of  the  numbers  and  biomass  of  11+  and  older  rainbow 
trout  and  brown  trout  obtained  from  the  two  study  sections  during 
the  Spring,  1984  are  presented  in  Table  9.  Estimates  for  densities 
of  yearling  trout  were  not  obtained  because  these  fish  were  too 
small  to  capture  by  electrof ishing.  Additionally,  estimates  for 
densities  of  age  11+  fish  were  considered  to  be  partial  because 
only  a  portion  of  these  fish  were  large  enough  to  be  captured  by 
electrof  i  si- ing. 

Densities  of  rainbow  trout  estimated  per  km.  during  the  spring 
were  not  significantly  different  between  the  Darby  and  Tucker 
sections.  In  contrast,  densities  of  brown  trout  per  km,  were 
significantly  less  in  the  Darby  section  than  in  the  Tucker  section. 
Trout  densities  estimated  per  km  were  similar  between  the  east  and 
west  channels  of  the  Tucker  section. 

The  estimates  for  total  densities  of  trout  obtained  during  the 
Spring,  1984  were  not  comparable  to  those  obtained  during  the  Fall, 
1983.  However,  estimates  of  age  III+  and  older  trout  were 
comparable  tetween  years.   In  the  Darby  section,  estimated  numbers 
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Table  9.   Estimates  of  numbers  (N) ,  biomass,  and  age  structures  of  rainbow 

trout  and  brown  trout  in  the  study  sections  of  the  Bitterroot 
River  obtained  during  the  Spring,  1984.   80%  confidence  intervals 
in  parentheses. 

Per  Kilometer Per  Mile 

Age                Biomass  Biomass 

Section species Gtggp U Qial N UiaJ 

Darby    Rainbow  trout   1+         no  estimate  no  estimate 

11+^       11          0.85  18          1.36 

III+        58          13.96  94           22.47 
IV  + 

(.  Older   _il         43.4S  lAl                       69.94 

Total      162          58.27  261           93.77 

(136-188)   (49.64-66.90)  (219-303)   (79.89-107.65) 

Brown  Trout     1+          no  estimate  no  estimate 

11+^       13          1.15  22           1.84 

111+       24          7.02  39          11.30 

IV+ 

6,  older    la         12.37  H          19.91 

Total      56         20.54  92          33.05 

(41-71)    (17.24-23.84)  (67-117)    (27.75-38.35) 

Tucker   Rainbow  Trout   1+         no  estimate  no  estimate 

(E.  Channel)           11+^        4          0.61  6           0.98 

III+        24           7.94  38           12.78 
IV  + 

i  older    i2         33.67  fiA          54.19 

Total       80          42.22  128           67.95 

(56-104)   (29.14-55.30)  (89-167)    (46.91-88.99) 

Brown  Trout     1+           no  estimate  no  estimate 

11+^        10           2.25  16            3.63 

III+        18           6.91  30           11.12 

IV+ 

i  older    21                     23.07  U.                       37.13 

Total       55          32.23  90           51.88 

(45-65)    (27.89-36.57)  (74-106)    (44.89-58.87) 

Tucker   Rainbow  Trout   1+          no  estimate  no  estimate 

(W.  Channel)           11+^        8          1.31  13           2.10 

III+       23          8.63  37          13.89 
1V+ 

6,    older    lA         29.44  21          47.37 

Total       75          39.38  121           63.36 

(54-96)    (30.46-48.30)  (87-155)    (49.01-77.71) 

Brown  Trout     1+          no  estimate  no  estimate 

11+'*        13           2.00  21            3.22 

111+        25           8.40  40           13.52 

IV+ 

i  older    21         17.75  39          28.57 

Total       62          28.15  100           45.31 

(50-74)     (24.4-31.9)  (81-119)    (39.28-51.34) 

Tucker    Rainbow  Trout   Total      155         81.60  249         131.31 

(123-187)   (65.77-97.43)  (197-301)   (105.87-156.75) 

Brown  Trout     Total      117          60.38  190           97.15 

(111-133)   (54.64-66.12)  (165-215)    (87.96-106.42) 


partial  estimate 
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of  age  III+  and  older  rainbow  trout  and  brown  trout  were  similar 
between  the  Fall,  1983  and  the  Spring,  1984.  In  the  Tucker 
section,  estimated  numbers  of  age  III+  and  older  rainbow  trout 
substantially  increased  between  the  fall  and  the  spring.  This 
increase  may  have  been  due  to  spawning  movements  made  by  rainbow 
trout  during  the  spring.  Numbers  of  age  III+  and  older  brown  trout 
estimated  in  the  Tucker  section  were  similar  between  the  fall  and 
the  spring. 

Estimates  of  the  numbers  and  biomass  of  mountain  whitefish 
greater  than  254mra  (10  in.)  in  total  length  obtained  from  the  two 
study  sections  during  the  Spring,  1984  are  presented  in  Table  10. 
Densities  of  mountain  whitefish  per  km  were  not  signficantly 
different  between  sections.  The  potential  for  substantial 
differences  in  mountain  whitefish  densities  between  sections, 
however,  were  undetectable  due  to  the  broad  confidence  intervals 
coirputed  for  these  estimates. 

The  numbers  and  sizes  of  each  species  of  trout  captured  in  the 
study  sections  during  the  Fall,  1984  are  presented  in  Appendix 
Table  18.  Again,  these  catch  statistics  were  similar  to  statistics 
from  the  previous  collections.  Final  computations  of  population 
estimates  for  the  Fall,  1984  will  be  made  when  age  analyses  are 
conpleted  and  will  be  presented  in  the  final  report. 

The  estimate  data  obtained  from  the  Bitterroot  River  indicate 
historical  dewatering  of  the  river  has  reduced  the  rainbow  trout 
fishery  within  the  Tucker  section.  Brown  trout  apparently  are  more 
tolerant  to  dewatering  than  rainbow  trout.  However,  additional 
factors  in  the  Darby  and  Tucker  sections,  including  undetected 
differences  in  habitat  characteristics  and  differential  fishing 
pressure,  may  be  influencing  the  carrying  capacities  for  trout 
populations  in  these  study  reaches.  Additional  population 
estimates  should  be  obtained  in  these  sections  during  the  next  two 
to  four  years  to  fully  evaluate  the  effect  supplemental  water  will 
have  on  trout  populations  within  the  dewatered  reach  of  the 
Bitterroot  River. 


Condition  factors 

^1ean  condition  factors  computed  for  rainbow  trout,  brown  trout 
and  mountain  whitefish  greater  than  127  mm  (5  in.)  in  total  length 
collected  in  the  Darby  and  Tucker  sections  during  the  fall  of  1982, 
the  fall  of  1983  and  the  spring  of  1984  are  shown  in  Table  11.  The 
mean  condition  factors  for  each  species  of  salmonid  did  not  appear 
to  vary  between  study  sections  or  among  years.  Statistical 
analysis  of  condition  factors  will  be  presented  in  the  final 
report. 
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Table  11.  Mean  condition  factors  (k)  for  salmonids  greater  than 
127iTim  (Sin)  in  total  length  from  study  sections  of  the 
Bitterroot  River  during  1982,  1983,  and  1984. 
Standard  deviations  in  parentheses. 


Species 

K 

Section 

Fal] 

.   1982 

Fall  1983 

Spring  1984 

Darby 

Rainbow  Trout 

1. 

,00 

1.06 

1.01 

(0. 

.11) 

(0.14) 

(0.09) 

Brown  Trout 

1.09 
(0.14) 

0.99 
(0.10) 

M.  Whitefish 

0.93 
(0.08) 

Tucker 

Rainbow  Trout 

1.04 

1.04 

(E.  Channel) 

(0.09) 

(0.11) 

Brown  Trout 

1.02 
(0.09) 

1.00 
(0.09) 

M.  Whitefish 

0.92 
(0.08) 

Tucker 

Rainbow  Trout 

1.04 

1.02 

(W.  Channel) 

(0.12) 

(0.10) 

Brown  Trout 

1.01 
(0.10) 

0.98 
(0.09) 

M.  Whitefish 

0.93 
(0.08) 
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Growth  Rates 

The  mean  total  length  at  time  of  capture  and  the  back- 
calculated  lengths  at  age  for  rainbow  trout  and  brown  trout 
collected  during  the  Fall,  1983  are  given  in  Tables  12  and  13, 
respectively.  The  regression  formula  used  for  rainbow  trout  was: 

Predicted  length  =  7.12494  x  (scale  measurement) °*^^-^^^ 

r^  =  0.93 
For  brown  trout: 

Predicted  length  =  5.42503  x  (scale  measurement) ^'^^^^^ 

r^  =  0.95 

The  growth  increments  of  back-calculated  length  for  rainbow  trout 
in  the  Darby,  Tucker  (east  channel)  and  Tucker  (west  channel) 
sections  averaged  75.6  mm  (2.98  in.),  68.3  mm  (2.69  in.)  and 
65.5  mm  (2.58  iru),  respectively.  For  brown  trout,  the  increments 
of  back-calculated  length  in  the  Darby,  Tucker  (east  channel)  and 
Tucker  (west  channel)  sections  averaged  79.5  mm  (3.13  in,),  83.3  mm 
(3.28  in.)  and  81.3  mm  (3.20  in.),  respectively.  Growth  curves  of 
rainbow  trout  and  brown  trout  computed  for  the  study  sections  are 
compared  graphically  in  Figure  18.  Growth  rates  for  both  species 
appeared  similar  among  sections.  Analyses  of  age  and  growth  for 
trout  collected  during  the  Spring  and  Fall,  1984  have  not  been 
completed.  These  data  will  be  presented  in  the  final  report. 
Length  frequency  distributions  of  rainbow  trout,  brown  trout  and 
mountain  whitefish  collected  in  the  Darby  and  Tucker  sections 
during  the  fall  of  1983,  the  spring  of  1984  and  the  fall  of  1984 
are  shown  in  Appendix  Figures  10-16. 


Trout  spawning 

Sections  of  the  Bitterroot  River  located  between  Hamilton  and 
Stevensville  were  electrof ished  during  the  Fall,  1983  to  monitor 
brown  trout  spawning.  The  sexual  maturity  of  brown  trout  collected 
during  the  Fall,  3  983  is  shown  graphically  in  Figure  19.  The 
progressive  decline  in  the  percentage  of  fish  classified  as  ripe  or 
gravid  and  the  progressive  increase  :n  the  percentage  of  fish 
classified  as  spent  indicated  the  peak  of  spawning  activity  oc- 
curred during  late  October  or  early  November.  Spawners  (ripe, 
gravid  or  spent)  averaged  439  mm  (17.3  in.)  in  total  length  and 
849  gm    (1.87  lbs)    in   weight. 

During  the  monitoring  period,  a  total  of  58  brown  trout  redds 
was  observed  in  the  river.  All  redd  sites,  with  the  exception  of 
one,  were  located  in  side  channels.  Preference  for  side  channels 
by  spawning  brown  trout  was  apparently  related  to  appropriate 
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Figure  18-  Growth  curves  of  rainbow  trout  and  brown  trout  collected 
in  the  study  sections  of  the  Bittorroot  River  during  the 
fall  of  1983. 
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Table  12.  Mean  total  length  (TL)  at  time  of  capture  and  back -calculated  mean  total  length  at  age 
for  rainbow  trout  in  study  sections  of  the  Bitterroot  River  during  the  fall  of  1983. 
Standard  deviations  in  parentheses. 


Mean  TL 

Age 
Group 

at 
N   Capture (mm) 

Calculated  Lenath(mm)  at  toe 

Section 

I 

II 

III 

IV 

V 

VI 

Darby 

0+ 
1+ 

8 
92 

72 
172 

74 

11+ 

89 

257 

74 

159 

III  + 

81 

325 

78 

163 

259 

IV+ 

42 

374 

77 

161 

260 

329 

V+ 

10 

406 

77 

159 

255 

325 

378 

Mean  back-cal 

culated  length  (mm) 

76(+13)  161(±31) 

259(  +  32) 

328(+27) 

378(±29) 

Mean  increment 

of  back-calculated 

length  (ixm) 

76 

85 

98 

69 

50 

Tucker 

0+ 

9 

83 

(E.  Channel) 

1+ 

10 

100 

75 

11+ 

33 

241 

80 

168 

III  + 

54 

316 

79 

167 

241 

IV+ 

30 

395 

89 

164 

252 

330 

V+ 

31 

429 

85 

152 

243 

309 

373 

VI+ 

6 

435 

80 

135 

210 

290 

343 

393 

Mean  back-calculated 

length 

(im) 

82 (±14) 

162 (±32) 

242 (±35) 

317 (±43) 

368 (+34) 

393 (±41) 

Mean  increment 

of  back-calculated 

length  (mn) 

82 

80 

80 

75 

51 

25 

Tucker 

0+ 

3 

89 

(W.  Channel) 

1  + 

12 

157 

82 

11+ 

45 

223 

76 

147 

III+ 

38 

325 

83 

169 

243 

IV+ 

33 

390 

81 

150 

245 

328 

V+ 

18 

427 

90 

145 

225 

305 

373 

VI+ 

2 

434 

69 

143 

188 

276 

357 

410 

Mean  back-calculated 

length 

(irni) 

81  (±15) 

154 (±33) 

239 (±34) 

318  (±35) 

371 (±24) 

410 (±44) 

Mean  increment 

of  back-calculated 

lengtii  (inn) 

81 

73 

85 

79 

53 

39 

Pooled  Total 

0+ 
1+ 

20 

114 

80 

164 

75 

11+ 

167 

245 

76 

158 

111+ 

173 

322 

79 

166 

250 

IV+ 

105 

385 

82 

158 

253 

329 

V+ 

59 

424 

85 

151 

240 

310 

374 

VI + 

8 

435 

77 

137 

205 

287 

347 

397 

Mean  back-calculated 

length 

(urn) 

78(+14) 

159(±32) 

248 (±35) 

320 (+36) 

370 (±30) 

397 (±40) 

Mean  increment 

of  back-calculated 

length  (niti) 

78 

81 

89 

72 

50 

27 

50 


T^ble  13.  Mean  total  length  (TL)  at  time  of  capture  and  back-calculated  mean  total  length  at  age 
for  brown  trout  in  study  sections  of  the  Bitterroot  River  during  the  fall  of  1983. 
Standard  deviations  in  parentheses. 


Section 


Age 
Group 


Mean  TL 
at 
Capture (mm) 


Calculated  Length (nw)  at  Agg 


II 


III 


IV 


VI 


Darby         0+  21  89 

1+  73  187  88 

11+  71  275  88  185 

III+  44  358  95  202 

IV+  38  412  102  213 

V+  9  465  100  204 

VI+  1  500  96  141 

Mean  back-calculated  length  (mm)  92 (±17)  197 (+39) 

Mean  increment  of  back-calculated 

length  (im)  92  105 


300 
313 
324 
257 


110 


372 

387 

430 

389 

431 

477 

(±33) 

430  (+24) 

477 

68 


55 


47 


Tucker       0+  30  110 

(E.  Channel)   1+  42  206         96 

11+  39  282         94  176 

III+  37  359  101  185       278 

IV+  27  421  112  194       288      368 

V+  16  468  104  192       304      369 

VI+  5  531  119  213       313      373 

Mean  back-calculated  length  (mm)      101  (+18)   186(+35)   288(+33} 

Mean  increment  of  back-calculated 

length  (nm)  101  85  102  81 


431 
440 


64 


488 


369  (+34)   433 (+34)   488  (±22) 


55 


Tucker        0+     20  111 

(W.  Channel)   1+     36  193 

11+    56  261 

III+   56  348 

IV+    28  425 

V+     23  477 

VI+     6  542 

Mean  back-calculated  length  (mm) 

Mean  increment  of  back-calculated 

length  (mm) 


83 

87 

167 

97 

182 

267 

100 

174 

276 

359 

97 

193 

289 

374 

431 

116 

221 

307 

392 

444 

500 

93 (+18) 

179(+39) 

276 (+39) 

368(+40) 

433(+46) 

500 (±94 

93 


86 


97 


92 


65 


67 


Pooled  Total   0+    71  104 

1+    151  194 

11+   166  273 

III+  137  354 

IV+    93  420 

V+     48  472 

VI+    12  534 

Mean  back-calculated  length  (mm) 

Mean  increment  of  back-calculated 

length  (nm) 


89 

89 

177 

97 

189 

281 

104 

196 

295 

367 

100 

195 

301 

375 

431 

116 

211 

305 

384 

441 

95 (+18) 

187  (+39) 

289 (±40) 

371  (±36) 

433 (±38) 

95 


92 


102 


82 


62 


493 (±65) 


60 


51 


physical  characteristics  such  as  velocities,  depths,  and  substrate 
which  were  found  there.  Selected  physical  characteristics  measured 
at  40  redd  sites  are  presented  in  Table  14. 

Rainbow  trout  spawning  was  monitored  during  the  Spring,  1984 
by  electrofishing  sections  of  the  Bitterroot  River  located  between 
Darby  and  Stevensville.  The  sexual  maturity  of  rainbow  trout 
collected  in  the  reach  of  river  between  Darby  and  Hamilton  is  shown 
graphically  in  Figure  20.  The  progressive  decline  in  the  per- 
centage of  fish  classified  as  ripe  or  gravid  and  the  progressive 
increase  in  the  percentage  of  fish  classified  as  spent  indicated 
the  peak  of  spawning  activity  occurred  during  late  Apri].  Similar 
results  were  obtained  for  the  reach  of  river  between  Hamilton  and 
Stevensville  (Figure  21).  Beginning  April  16,  river  flow  sub- 
stantially increased  as  a  result  of  rainfall  and  snowmelt.  This 
freshet  may  have  been  the  mechanism  for  triggering  the  observed 
spawning  activity.  Spawners  (ripe,  gravid  or  spent)  collected  in 
the  Darby  to  Hamilton  reach  averaged  372  mm  (14.6  in.)  in  total 
length  and  531  gm  (1.17  lbs)  in  weight.  In  the  Hamilton  to 
Stevensville  reach,  spawners  averaged  413  mm  (16.3  in.)  in  total 
length  and  719  gm  (1.58  lbs)  in  weight. 

A  total  of  16  rainbow  trout  redds  was  observed  in  the  river 
during  the  monitoring  period.  The  search  for  redds  was  limited  in 
scope  and  was  hindered  by  high  river  flows.  Rainbow  trout  redds 
were  found  in  both  side  channel  and  main  channel  habitat.  Selected 
physical  characteristics  measured  at  four  redd  sites  are  presented 
in  Table  15. 


Trout  Rearing 

The  border  of  the  river  in  the  Darby  and  Tucker  sections  was 
extensively  electrof ished  during  August  and  September,  1984  to 
identify  habitat  types  used  as  rearing  areas  by  young  of  the  year 
(YOY)  rainbow  trout  and  brown  trout.  Main  channel  and  side  channel 
borders  were  categorized  into  four  habitat  types.  These  habitat 
types  were  identified  as  riffle  areas  with  a  rock  border,  riffle 
areas  with  a  root/brush  border,  pool  areas  with  a  rock  border  and 
pool  areas  with  a  root/brush  border. 

Numbers  of  juvenile  trout  collected  per  10  meters  of  river 
border  in  the  Darby  and  Tucker  sections  are  presented  in  Table  16. 
Based  on  catch  per  unit  effort,  numbers  of  juvenile  trout  were 
substantially  more  abundant  in  the  Darby  section  than  the  Tucker 
section.  Juvenile  rainbow  trout  were  more  abundant  than  juvenile 
brown  trout  in  the  Darby  section.  In  contrast,  juvenile  rainbow 
trout  were  less  abundant  than  juvenile  brown  trout  in  the  Tucker 
section.  These  relationships  are  similar  to  comparisons  made 
betv/een  the  population  estim.ates  obtained  from  the  two  sections 
during  1983. 
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The  utilization  of  habitat  types  by  juvenile  trout  appeared  to 
vary  between  species  and  among  study  sections.  With  the  exception 
of  rainbow  trout  in  the  Darby  section,  juvenile  trout  were  more 
abundant  in  side  channel  habitat  than  main  channel  habitat. 
Additionally,  juvenile  trout  appeared  to  prefer  the  borders  of 
riffle  areas  for  rearing.  Juvenile  rainbow  trout  and  brown  trout 
collected  in  the  Darby  section  averaged  53  and  70  mm  (2.1  and  2.8 
in.),  respectively,  in  total  length.  In  the  Tucker  section, 
juvenile  rainbow  trout  and  brown  trout  averaged  60  and  89  m.m  (2.4 
and  3,5  in.),  respectively,  in  total  length. 


Tag  distributions  and  movements  by  trout 

A  total  of  1772  individually  numbered  Floy  tags  have  been 
distributed  in  trout  in  the  Pitterroot  River  (Table  17).  The 
species  tagged  include  781  rainbov/  trout,  941  brown  trout,  42 
cutthroat  trout  and  8  bull  trout.  A  majority  of  these  tags  were 
distributed  in  the  Darby  and  Tucker  sections. 

Table  17.  Distribution  of  tags  for  trout  collected  in  the 
Bitterroot  River  from  September,  1983  to  November, 
1984. 


Number  of  Tags  Distributed 


205 

122 

13 

0 

4 

61 

24 

2 

0 

1 

98 

124 

1 

0 

0 

359 

544 

16 

0 

3 

58 

127 

10 

0 

0 

Rainbow   Brown   Cutthroat   Brook   Bull 
Location  trout    trout     trout     trout  trout 


Darby  to  Como  bridge 
Como  bridge  to  Hamilton 
Ham  It  on  to  Tucker 
Tucker  to  Bell 
Bell  to  Stevensville 

Total  781     941       42 


Movements  of  tagged  trout  recaptured  in  the  Bitterroot  River 
by  electrof ishing  for  tl-ie  period  from  September,  1983  to  November, 
1984  are  presented  in  Table  18.  ^'ovenlGnt  v/as  defined  as  those  fish 
recaptured  2  or  more  kilometers  (<.1.24  mi.)  from  their  original  tag 
site.  Of  384  rainbow  trout  recaptured,  22  (12.0%)  moved  from  their 
original  site  of  capture.  Distances  moved  ranged  from  2.0  km 
(1.24  mi.)  to  15.8  km  (9.82  mi.).   Thirty-four  (10.9%)  of  311  brown 
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trout  recaptured  by  electrofishing  moved  from  their  original  cap- 
ture site,  fiovements  by  brown  trout  ranged  from  2.0  km  (1.24  mi.) 
to  16.4  km  (10.2  mi.).  Fewer  recaptured  trout  irioved  upstream  than 
moved  downstream.  There  was  no  apparent  relationship  between  move- 
ments by  trout  and  their  spawning  season.  These  data  are  pre- 
liminary, however,  since  tagged  fish  have  been  at  large  only  for  a 
relatively  short  period  of  time.  Harvest  rates  for  tagged  trout 
have  not  been  computed  since  few  tags  have  L^en  returned  by  fisher- 
man. A  summary  of  tag  returns  will  be  presented  in  the  final 
report. 


fJinimum  flow  recommendations 

The  quantification  of  instream  flow  needs  for  trout  in  the 
Bitterroot  River  is  essential  for  directing  the  efficient 
management  of  supplemental  water  releases  from  Painted  Rocks 
Reservoir.  A  wetted  perimeter /inflection  point  method  was  used  to 
determine  minimum  flow  recommendations  for  the  Darby  and  Tucker 
sections.  Three  riffle  areas  in  the  Darby  section  and  three  riffle 
areas  near  the  Tucker  section  were  utilized  for  analyses  of  minimum 
flows  (Figure  1).  Wetted  perimeter  data  were  obtained  from  three 
channel  cross  sections  established  at  each  riffle.  Flow 
recommendations  for  a  riffle  were  computed  by  averaging  the  wetted 
perimeter  data  predicted  for  associated  flows  of  interest  obtained 
at  these  three  cross  sections.  Inflection  point  values  for  all 
riffles  within  each  section  were  then  averaged  to  obtain  a  final 
minimum  flow  recoinmendation. 

Wetted  perimeter  -  discharge  relationships  and  associated 
inflection  points  obtained  from  the  three  riffles  in  the  Darby 
section  are  presented  in  Appendix  Figures  17-19.  Discharge  values 
frciTi  the  lower  inflection  points  derived  for  each  riffle  were 
averaged  to  obtain  a  final  recommendation  of  flow.  The  lower 
inflection  points  were  chosen  because  discharge  values  associated 
with  the  upper  inflection  points  were  substantially  greater  than 
median  monthly  flows  derived  from  records  at  the  U.S.G.S.  station 
near  Darby  (Brown  1982).  N'inimum  flow  recommendations  obtained 
from  the  three  riffles  in  the  Darby  section  averaged  8.5m-^/sec 
(300ft-^/sec).  f^  8.5m-^/sec  (300ft^/sec)  recommendation  for  the 
Darby  section  is  less  than  the  median  monthly  flows  for  April 
through  October  recorded  at  the  U.S.G.S.  station  near  Darby. 

Wetted  perimeter-discharge  relationships  and  associated 
inflection  points  obtained  from  two  riffles  near  the  Tucker  section 
are  presented  in  Appendix  Figures  20  and  21.  A  third  riffle  area 
was  excluded  from  analyses  due  to  channel  changes  that  occurred 
during  the  survey  period.  Minimum  flow  recommendations  derived 
from  tlie  two  riffles  in  the  Tucker  section  averaged  10.6  m-^/sec 
(375  ft-^/sec).  This  minimum  flow  recommendation  is  seldom,  met 
within  the  dewatered  reach  of  the  river  during  the  irrigation 
season.  Supplemental  water  released  from  Painted  Rocks  Reservoir 
should  be  managed  to  meet  this  recommendation  for  the  greatest 
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possible  amount  of  time.  The  quantity  of  supplemental  water  needed 
to  maintain  minimum  flow  recommendations  has  been  discussed  in  the 
draft  water  management  plan  (Lere  1984). 
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DISCUSSION 

A  comparison  of  population  estimates  obtained  in  the  Darby 
(control)  and  Tucker  (dewatered)  sections  indicates  historical 
dewatering  has  resulted  in  a  reduction  of  the  rainbow  trout  fishery 
in  the  Bitterroot  River.  Dewatering  appeared  to  be  the  primary 
limiting  factor  for  rainbow  trout  production  since  measurements  of 
other  habitat  features  were  similar  between  the  two  sections.  As  a 
result/  the  release  of  supplemental  water  from  Painted  Rocks 
Reservoir,  if  not  lost  to  irrigation  withdrawals  or  natural 
phenomena,  should  raise  the  carrying  capacity  for  rainbow  trout 
within  this  dewatered  reach. 

The  quantity  of  additional  water  required  to  maintain  the 
recommended  minimum  flow  within  the  dewatered  reach  was  determined 
using  a  model  derived  to  relate  discharge  monitored  at  the  U.S.G.S. 
station  near  Darby  to  discharge  at  Bell  crossing  (Lere  1984). 
Modeling  predicted  that  15,000  acre  feet  of  supplemental  water 
(5,000  AF  controlled  by  fiFT'JP  and  10,000  AF  proposed  purchase)  could 
maintain  a  10.6  m^/sec  (375  ft^/sec)  recommended  minimum  flow  at 
Bell  crossing  approximately  53%  of  the  time  for  the  period  from 
July  16  to  September  30.  During  extremely  dry  years,  this  minimum 
flow  recommendation  may  seldom  be  achieved  regardless  of  supple- 
mental water  releases.  However,  15,000  acre  feet  of  supplemental 
water  virtually  insure  flows  at  Bell  would  meet  or  exceed 
2.83  m^/sec  (100  ft-^/sec).  Although  flows  in  the  dewatered  reach 
apparently  cannot  be  maintained  at  recommended  levels  during  all 
years,  augmentation  should  enhance  the  trout  fishery  to  some 
degree.  However,  trout  populations  within  the  dewatered  section 
may  never  reach  levels  present  in  the  reach  of  river  that  remains 
well  watered. 

Two  years  of  augmented  discharge  is  not  a  sufficient  period  of 
time  for  trout  populations  within  the  dewatered  reach  of  the  river 
to  fully  respond  to  supplemental  water  releases  from  Painted  Rocks 
Reservoir.  Hunt  (1976)  has  shown  that  trout  populations  peaked  5 
years  after  habitat  development  on  a  Wisconsin  stream.  Hunt 
concluded  there  commonly  is  a  transition  period  between  habitat 
treatment  and  maximum  response  by  trout  populations.  To  fully 
evaluate  the  effects  of  supplemental  water  on  trout  populations  in 
the  Bitterroot  River,  censusing  should  be  continued  during  the  next 
several  years.  Baseline  data  should  continue  to  be  gathered  during 
1985.  Post-treatment  data  should  be  gathered  following  a  2  to  3 
year  transitional  period  to  allow  time  for  trout  populations  to 
fully  respond  to  augmented  flows.  Discharge  in  the  dewatered  reach 
should  iTje  monitored  continuously  on  a  long  term  basis  to  maintain 
the  appropriate  release  schedule  for  supplemental  water  and  to 
evaluate  the  effectiveness  of  water  releases  in  maintaining 
recommended  instream.  flows. 


62 


LITERATL'PE  CITED 

APHA  1980.  Standard  n;ethods  for  the  examination  of  water  and 
wastewater,  ]5th  edition.  Arr'erican  Public  Health  Association, 
T-'ashington,  D.C.   1134pp. 

Brett,  J.P.,  J.F.  Shelborn,  and  C.T.  Shoop.  1969.  Growtl  rate  and 
body  composition  of  f ingerling  sockeye  salmon  (Oncorynchus 
nerka)  in  relation  to  temperature  and  ration  si?e.  J.  Fish. 
Res.   Bd.   Canada  26 (9) :2363-2394. 

BousEU,  N'arvin  F.  3  954.  Relationships  betv/een  trout  populations 
and  cover  on  a  small  stream.     J.  Wild.   Mgmt.   18:229-239. 

Procksen,    P.W.    and  J.P.   Pugge  1974.      Preliminary  investigations  on 
the  influence  of  temperature  on   food  assimilation  by  rainbow 
trout    (Salmo  gairdneri)     Richardson.      J.    of  Fish  Biol.    6:93- 
97. 

Brown,  L.L.  1982.  Operations  of  Painted  Rocks  Reservoir  and 
streamflow  characteristics  of  the  upper  Bitterroot  River. 
V'ater  Quality  Bureau,  Montana  Department  of  Health  and 
Environmental  Sciences.     14pp. 

Carlander,  K.D.  1969.  Handbook  of  freshwater  fishery  biology. 
Iowa  State  University  Press,  Aires.  Vol.   I  752pp. 

Corbette,  D.f.  et  al.  3  943.  Streairi  gauging  procedure.  U.S.  Pept. 
of  Interior,  Geol.  Survey.     Water  supply  i^aper  888.     243pp. 

Enk,  M.D.  1977.  Instream  overhead  bank  cover  and  trout  abundance 
in  two  Michigan  streams.  M.S.  Thesis,  Michigan  State 
University,   Fast  Lansing.     127pp. 

Hunt,  P.P.  1976.  A  long-term  evaluation  of  trout  habitat 
developmient  and  its  relation  to  improving  management  related 
research.     Trans.  Amer.   Fish.   Soc.    105(3) :361-369. 

Lee,  P.M.  and  J.N.  Pinne  1980.  Critical  thermal  maxipa  for  five 
trout  species  in  the  southwestern  United  States.  Trans.  Amer. 
Fish.   Soc.   109(6):632-635. 

Lerc,  M.  3  984.  Draft  v/ater  management  plan  for  the  proposed 
purchase  of  supplemental  water  from  Painted  Pocks  Reservoir, 
Bitterroot  River,  Montana  -  BPA  project  83-463.  3201  Spurgin 
Pd. ,  Missoula,  TT.     60pp. 

Levis,  S.L.  1969.  Physical  factors;  influercirg  fish  populations 
in  pools  of  a  trout  stream.  Trans.  Amer.  Fish.  Soc.  98(1):14- 
39. 


63 


^'c^'urtrey,  R.G.  et  al.  1972.  Geology  and  water  resources  of  the 
Bitterroot  Valley,  southwestern  Montana.  U.S.  Dept.  of 
Interior,  Geol.  Purvey.  Water  supply  paper  1889.  80pp. 

r'ills,  ¥.B.  et  al.  1982.  Water  quality  assessment:  A  screening 
procedure  for  toxic  and  conventional  pollutants  -  Fart  1. 
FPA-600/6-82-004a.  Environmental  Research  Laboratory,  U.S. 
Fnvironrrental  Protection  Agency,  Athens,  Georgia.  570pp. 

Montajia  Department  of  Natural  Resources  and  Conservation.  1980. 
Policy  on  the  Painted  Rocks  Reservoir  water.  2pp. 

Kelson,  F.A.  1980.   Evaluation  of  four  instream.  flow  methods 

applied  to  four  trout  rivers  in  southwest  Montana.  Montana 

rept.  of  Fish,  Wildlife  and  Parks,  8695  Fuffine  Lane,  Pozeman, 
MT.  105pp. 

.  1983.  Guidelines  for  using  the  wetted  perimeter  (WETP) 


computer  program  of  the  Montana  Dept.  of  Fish,  Wildlife  and 
Parks.  Montana  Dept.  of  Fish,  Wildlife  and  Parks,  8695 
Huffine  Lane,  Bozeman,  ITT.     25pp. 

Parrett,  C.  1984.  Simulating  daily  discharge  on  the  Bitterroot 
River  using  a  flow  routing  model.  Administrative  use  only. 
U.S.  Geological  Survey,  Helena,  MT.  16pp. 

Reiser,  D.W.  and  T.A.  Wesche.  1977.  Determination  of  physical  and 
hydraulic  preferences  of  brown  and  brook  trout  in  a  selection 
of  spawning  locations.  Wyoming  WRRI  Water  Res.  Series  No.  64. 
100pp. 

Picker,  W.F.  1975.  Computation  and  interpretation  of  biological 
statistics  of  fish  populations.  Bulletin  191,  Dept.  of  the 
Environment,  Fisheries  and  Marine  Service.  Ottawa,  Canada. 
382pp. 

Senger,  J.A.  1973.  A  compilation  and  simthesis  of  existing  water 
resource  information  on  the  Bitterroot  Drainage,  Montana. 
M.S.  Thesis,  University  of  Montana,  Missoula,  MT.  191pp. 

Stalnaker,  C.B.  and  J.L.  Arnette,  (eds.).  Methodologies  for  the 
determination  of  stream  resource  flow  requirements:  an 
assessment.  V.S.  Fish  and  Wildlife  Service,  Office  of  Eiol. 
Services,  Western  Water  Allocation. 

Tesch,  F.W.  1971.  Age  and  growth.  Paces  98-126  in  W.F.  Piker, 
(ed.).  Methods  for  assessment  of  fish  production  in  fresh 
waters.  IBP  Handbook  rio.  3  Blackwell,  London. 

U.S.  Department  of  Agriculture.  1977.  Existing  Leind  use,  Ravalli 
County,  Montana.  Prepared  for  the  Cooperative  Mapping 
Program.  Dept.  of  Community  Affairs,  coordinator.  USDA,  SCS, 
Portland,  OR. 


64 


U.S.  Department  of  Cominerce.  1983.  Climatological  data,  Montana. 
National  Climatic  Center.  Federal  Building,  Asheville,  N.C. 
Vo].   86  No.   7-9. 

U.S.  Environmental  Protection  Agency.  1976.  Quality  criteria  for 
water.  U.S.  Government  Printing  Office,  Washington  D.C. 
256pp. 

U.S.  Geological  Survey.  1970.  Water  resources  of  the  Clark  Fork 
Basin  above  St.  Regis,  Fontana.  Unpublished  base  flow  study 
of  the  Bitter  root  Drainage.  Helena,  MT  (not  seen,  cited  by 
Senger,   1973). 

.     1983.     Water  resource  data  for  Montana  . 

Volume   2.      Columbia   River   Basin.      U.S.    Dept.    of    Interior. 
192pp. 

Wesche,  TJ\.  1976.  Minimum  stream  flows  for  trout.  Sport  Fishing 
Institute   Bull.    No.    278:1-2. 


65 


APPENDIX  TABLES 


00 


Oi 


u 
a 
-a 

u 


I 

•H 

n 


is 


oor~*oinp«moovoo\wrHr- 
vovovoc~-oocoooaiooooa> 


^-•m^HO^o>Ol~vooo^cNa^cMl-ll^> 

{S^^VOHrHCNi-itNOOOnOOOn 

vovovovooocooo%Gor^GOcooor^r^ 


<»ir)in'<rr~r~roiHooi^r~off>oor» 


cMeofMO^fommo^^oo^^^^oo^seo'a•^nc^^oo^Mr«foo^lrlCNOf^^(^^ 
fMoenoopo>-li--mo>r~iH>iTOrH<N<r>vo«5«)inirimr-iCT\fooovoir)irioir- 
(^r»vov©[».r~.vovovoeoo^coooeocor-t~r~r-r~r-r~oocooor^r~r~(^>ovo 


3u^tNOvSr^oc^•^cNr^^^a^r-^c^loOln«>u^(N^oc^^OlncOl^lr^o^voT^•^4 


ir»moovDir»o^^rHir>r-.ooc^o%cNiHm^oinfnrOfncsino*-i<'>— iir»i-i 


OfOOinp~^DC~-rMOCO»r>*fHO>iniHr>40i-HC»1<TiCOrH*0^>H<Nn«3'lA 


10 


o 
o 

•H 

5 

o 


a 


6: 


CT\  CO  ro  cs 
fo  \o  |~-  p- 

"9"  ^  "»  T 


r»  ^  CTi  1-1  CM  r>4  m 
u>  vo  in  vc  vo  00  o 
^  "U-  ^  T  ^  •<r  vo 


r— oor-i-icsncNrocNCT\r~^omvovooo 
TTLTiin^invoiAvovovommiDininLnvo 


vD^^»^l^»o^OlHVDr^cJ^c^^r^o^^^oo^^ot^ovoo^lAl^^ooolr»OLno 
nir>i/>«<r<N<SrHOi-(OcsrHr-^ocM'-irHi-tiri'»r^'^»j'^mcscNf^<N'j' 


> 

•H 

in 


00 

in  ro 

in  ^  o  f^ 

o 

(N  in 

c^  I--  r~  in 

r~ 

v£>  in 

ro  ro  in  vo 

o 
m 


vo 

t--  rH  in 

vo 

00  U3  CM 

in 

•«  ><r  •<>• 

3 


CM  O  O 

T  <-(  r- 
in  in  ^ 


€ 


<N*OVOintMCMi-IO\VO"a'VOrOCTlCT>^rHOOr~rH'*i-HO<MCO'*P~<MCMCOO 
0"<s•c^^r-^o^ln<NC^cN^»*r-^mcJ^^^r^v£)lnfn*—^^oc^c^4lncNoocor^«>OT^^ 
ininmin^'^^*^^invoin^-^^^^^"«3''^'<Tinininmin^'^^'^^ 


(U 

s 


r-< 

o 

M  ro 

ro 

t~ 

M 

ro 

CO  r~ 

oo 

vo 

VO 

in 

ro  CN 

<^ 

o 

O  V£> 

<N 

r~  ^ 

ro 

r~  r- 

m 

ooooooooooooooooroiocscMOOOcsoocMr-cDOinoro 
(^ooooco^^o^o^^^^o^ocNml-^u^^l'^^lnln^^'^CT\o^o^^cOlnl— lOOVD 
■»3>vO'<r<Nt-ii-<fS'-'ooo^£>cocsf-j<Noo^cooooooor~vDU5U5«3ininin'«Ti' 

>Hi-(rHi-(i-|<-(l-(r-|i-(iH<-lr-1.-liHMrH 


i-*csro<'invor-coo^o^ 


^9 


Al 


00 


-s 


u 


••-* 

m 


§ 


0) 


(1) 

8 


a 

5 

m 
■a 

u 
o 


9c 

acOcrr"CT><Ncsr-OrHvoCTi<H^'rr^ooor~rH.HairOTrnvoa>^rOMrHir) 
Sc/;(»ioor^orovo»»')'n«)>inoo^ooor-(oomor--oooooinvr>intNoooor~«' 
fQ|OC^r~'*'^'Oinvovooooor-^'^vooor-t~r-i«l^mooo<Tia>coooooco 

rH  t-l  1-1 


V. 


oon>o'corHCT\crivDinro<H<Na\Too 
aiaicooor~[^vovovotniniOiOvovo 


p»o\oooNr«tMCT>fH>>TO^oor--r~r»- 
(Nroo^soo^amxr^oooooiAin 
oooor-p»[— vaiovovovovo^Dirti/iin 


fNininot--uii-iroiHr-(-q<ncovOtH 
oooooor^r^vov^vDini/iinininsom 


i-i(NfHr--roaioomin<Na)i~OfMoootMr-<ooin'«>'>-iooin'»ri^rom 
•<roi~ooni-ia\rH-*invoco.-icri'«riniHinooMr~r-r-inr~CNr~r~'^o 
^--oovou^ml^>lnvDO^co^~^ovDu^r^t~^^vomvo<TlOooa^al0^a^o^o^ 

rH  rH  1-1 


6 


V0tT>O(N>-tun«yviHO0000'>?P-rHO'«rv0lD00(N00V0SOCTir~rHr-('«rc0C0 
ooc^ma^lnt-~«9•^n«NO^c^^^Or^"J•oo^Of»10^lDo^o(Nf-^o^r^oO(»1mo^- 
meovoir)intr)vovoor^r~-i*i«vor-i>-r~vDvovorHooo\aiflo<Tia^crioo 


(N«q"OOi-Htnin<Ti^kOr-(^s'00»Tm^rf^ooi-ioiooOrHV£>(Nooino'*roo 
^ron>-HO\rHm<NCT»f^oooi~v£)vD^ominroi/lnOCTi<Tir~coCTir-vov£> 


o%^rr^i— ia\ot^f>)ir»»-HC30or*r^<<i"rHr^m^Ta>oo>j30o*-tcov£>oorH*-Hin<T» 
<Tit— cNai»j'r-iooini-(ooirir^^nro«rr>4r>r»oor~vovooo«3infocsr-(>Ho 


CTlOOOVDTi'VOVOM 


o>OrHCNp~«)vor»r-oor^ioo'^'TooinincororH 


^1'rOlrimOr-^^HO^r*mo^^u^oomv£)0^r^tn^roo^ 
alCDCT^a^CTlr~cocOl^^DCDl/^•<r<NfOCNr-^ocor-p-o 


r~-in<NOoo>£>aicMoocT\^csrHf^<^voa>r~-a>^Dvoot~eo<H(NvO'j'OOCT\oo 
►i,r— u5mor-Lncso\mcN<'rOfOrHOcO(N(NrHOcTicri<X)r--r~-vom»rmmcri 


ir)mrH^TCOCOOiH«30«5VOCnmCN(NeOi-IOTCOCTli-("3"VO'^CTlOO 

roron'»j'mcNoocNy3^o»j'inni-tvoin<nu3i^or~cNr~i^a5CTirHp~ 
m<Nor^r-)r^rOrH<Tioov£)^mcM»HrHOCT\ooooi^r*^r*r^r^oor^ 

■«t^TrOrOCNCMCNli-(r-1(-t>Hr-(i-li-(M>-t 


OOvOi^CNVOfMCTlO 
(Mr-1>-lr-ii-lr-lr-lrt 


O 


OOOOOOOOOC3CDOC3OOOC3OOOr*r^O00a\C0^TC*J0>C0C0 

r-i<Ticovi3i/-\^(NOoor-»au~i"^mcNrHOOOC3aiooooaocoi^oor~-oooor~- 
^o^-^f^l<Nc^lcN<N(N'-ll-^.-l^^^^l-^^^.^.-(^-^l-l^^ 

I— tcNm^Tinvcr^coONOi— l^^l^o^mvor*■ooo^o»-^c^lm^lr^^or*coo^Or-l 
.-liHrtrHr-(f-(i-lr-l.-(MCS(N(N<M(NCNrMCN(N(NnrO 


A2 


5 


3 

CO 


5 


■o 


>  _, 

-.- 


a  . 


ir>  ld  lh  m  in       iD 

ONp-vococT*cou^vo«X)'X>r-coooa^oo'X)Ooor^a\r^r^CT(<T>Of-H.-icN(^g 

^  ^  ^'  ^'  ^r  ^*  *3"  ^'  ^'  ^r  ^'  ^'  ^I*  ^'  ^'  ^3*  ^'  ^T  ^'  ^T  ^T  ^T  ^T  ^'  *T  'T  "^  ^T  ^T  ^^ 

cococococooocococooocococooocDcocococooocooococococoascocooo 
\  ^\  "^  W\  ^x  w  w  ^  ^  ^  \  ^^  \  ^  \^  w  ^^  "^  ■>  ■v\  \  \ 

u-)^£)^^p*a^Of—^c^^m^l^>vc^^^coo^o^^-^CN^o^1•l^)>^o^-ooo^Of-^csm^J• 

OOOOOrH»-HrHrHrHr-4.-H»-H(-irHCN(N<N(NfMCSCNC>»(NCNrOOOOO 

"^  "^  ^  ^  \  "^  \  "^  \  ^  "^  ^■i>  ^  ^  "^  ■:::>^  ■^ir-'^  ■:i^  ^  ^'^  ^  "^  >^  ^  ■>•  >■ 

OOOOOOOOOOCDOOOOOOOOOOOOOOO»HrHi-HfH 


u^lrlu^Lnlnu^lnli^Lnu^LnlAu*»lnlnu^lnlnu^l/>Lnu^lnu^Lnu^lnlnu^u^ 

inmmin  min  m  in 

^^in«x>'t3'ro<Nr>jrHo<TtTro<No>-HrHOoa^rHa^rNj.Hcoincoo>r-.H 
\xjvo\^vDVD^.OKD'sDVD»,DinvD»x>"^vov£'VD'^vDinvoirivc)v£jinintninLn'^ 

COCOGOCOCDCOOOCOOOCOCOQOCOCOCOOOCOCOCOOOCOCOCOOOCOCOOOCOCOCOaO 


<^*_,,^,_^-   .-..—..    ,.-.^.  ^,   .    ..    ..Hr-l(NCNr>JCN(NCNCN<N(NCNmmCDOOO 

www WWWWW WWWWWW\  W 

<X3(X)co<xtco«aDcococococooocOQOCOCOcococooococooococococr\crimcn 

OOOOOOOOOOOOOOOOOOOOOOOOOCDOOOOO 


in       in  in  i/^  m 


CN^^^n^.-^^-^^Oln^n^O'a'^lnp-■v£)^olnT^^*^.D^-'0^ooo^vop--a^^-■l 
lnu^u^lnLnlnu*lu^lJ^l^^lnu^lnlnu^lnu^l/^u^l^)lntnvDV£)lnlnLnlnlnl 


in       inmiTiininmi/^ 


^^^oooooc^^^o^rOfn^lnt^^<^^^oJ'-^^n^-^vDCO^£>r'ln"^^o^I>'g'ln^nln 
^£ln<«o^o■>ovo^o^o^ovovovoovovD^ovovo^*^^D^o^o<>o^ovol^vo'<ovo^^ 

COCOOOOOCOOOCOOOCOCOCOaOCDCOaJCOOOCOCOCOCOOOCOCOCOCDCOCOCOCOCO 

W  W  W  W  W  W  \  ^\  \  ^^  W  ^\  ^^^^-^  ^\  W  W  W  W 

m'^r-coCTiO'Hojn-^mvor-ooa\OrH(Nm^in>X'r-coa>Oi-if-iCNm'^ 

OOOOO^^rH^iH^.HrHM<-4fNtN04(N<NCNlCM<NCNJCNnrOOOOO 
WWWW  W  WW  W\"-v\WWW'W\,\\\ 

f^t^r-r^r--r-r^r^r-r-r^r--r^r^r*r-r^r^r-r^r-r-r-'r-r*r--r^aooococo 

OOCDOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


fnrnrors)rOrnrnrorn^^^3'inp^Trinir)in'T«d">XJCOP^r^coo'*DvoCT>ocN 
^^^'^^^^'^'^*3'^'*T'^'^'^T^a''^^T^T^r*a'^TTin^*a"'^inin 


cocoojcoa^a^ascDcoascocooocoGOcococooococococococoaocoooaoGOco 
W">.W  WW  WW  wwwwwwwww 

^^ln^op^coo^o<-^(Nm'3'\o^or^coo^o»-^(N^OTrln^Oc^coff^Ol-^f^JfnrI• 

OOOOOOrHrHr-<.-|.-t.-t^MMiHCN(NCN(NrsJ<NCs)(N(N(NmOOOO 

w-^wwwwwwww^w  wwww\ 

ooooooooooooooooooooooooooooooo 


in  in  in  in  in  in 

p-l^^£)OCNO*^a^^-^c^vDcN'<^'COCop~vDmcOln^oocoo'-^r^c^^-o^coco 
■^«T^ininin'^'<Tin^T5>^3«*a'T3'^-«3''«(3'*cp^^T^^^ininin<3'';r^'^^3' 


■^invop-cocT>OfHCNm^invor-coo\o»HCNm'^inv£ir^ooCT^o.-t.-HCNm 

OOOOOOr^Mr^.Hr^r^rHM^r^CNf^l(N(NCN(N<N(NC^l<N^0mOOO 
W  \  W  "-V  W  W  ^.^  \  ^\  "^  \  W  ^^  W  W  W  W  W  "W 

ininininininininininininininmmininintnininininininininvDVDvo 

OOOOOOOOOOOOOOOOOOCDOOOOOOOOOOOO 

in  inmin  mm  mm  m 

mr-ooomoo^^ooy^p^r*-coooo^o^o^cocoa^ovD\£)mmm^^vDO^'^l-^ 


^3*  ^^  ^"  ^^  ^*  ^j  ^"  ^y  ^"  ^y  ^^  ^j  ^*  ^j  ^3*  ^3*  *c  ^^  ^^  ^r  '^^  ^1*  ^T  ^y  ^*  *^  ^r  '^ 
ascocoa^cooococorococoa^oococoaja^cocxjcoaococooococoaaco 
WW"\\WWWWWWWWWWW 
m^Tmv£)r-co<riOr-HCNfOTrmv£>r^cocTvOrHCNm^mu>p-coa\o 

00000C30iH.-(i— lf-|rH.-|fH«-liHi-H<N(NCNCNCNOJCNI<N<NfNm 

^■vww  W  WW^^^W^XW  w  w  w  w\ 

oooooooooooooooooooooooooooo 


i^r  ^  ^ 

CO  CO  CO 

W\ 

rH   (N    n 

o  o  o 
\  W 

m  m  m 
o  o  o 


cococococDGOCococococococooooooocococoaocooooocncooocococococo 
WWWWWWWWW^^\XX"\W^^\-X\W 

m'^m«x>r-oo(T\Oi-Hr^m'*m'X)r^ooCT^o»-H<srn'^mvDr-oocriOnHi-4(N 

OOOOOCDO.-H.Hr-4,-H^rHM.-Hr-HF-HfSrS<NCMCNCM<NCN<N(NfOrOOO 

rnrorornrorofOrorornrornrorOfOrnrnrorornrnrnrnrnrnrorororn^r 
ooooooooooooooooooooooooooooooo 


A3 


u 

D 

"a 


01 

> 

t 

u 
u 

•H 
0) 

<u 

5 


5 


X 


^•i^ 


fi 


<u 

> 

c 

5 

£ 

4J 

i 

1 

<0 

X 

7, 

E 

•o 

.5 


— •esjoooGOa%op^<op*r*oo^c«4m»— ior*i— ^a^coo^o^oo^o^»— toicNmm 

OOCOOOGOOOCOCOOOCOCOOOCOGOOOCOCOCOCOGOCO^COCOaOCOOOOOCOOOCOCO 
OOOOOOrH^r^r^.-^.HrH.-^.-^r^(NC^^f^4CNr^^f^^CNCNC^4r^QOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOiHi— (r-li-( 


ooo^CT^o^oo.-^oa^ooo^o^^oof^^or*a\oor*r^oooo^»•coy^^p^'^ 

intn  ininmin  mm  m 

cococoo^c\i-to^vo^Door*vomr^r**oo\DVDmm^'ror»>m^*^<No>o<NCN 
s^vot^v0«^r^vo\ovovov0vD^&vo\ovo^&vAVDvovo^vovo^Avovom^vovD 

GOCOOOCOCOCOOOOOCOOOOOOOOOOOCOCOCOOOGOOOOOCOOOCOOOOOCOOOCOGOCO 

^mvor^ooaNOfHOjro^mvor-oocTsO"— (ojm^mvor^cocy^Ot-ii-ifNro 

OOOOOOr-1rH^rHi-HrHr-)i-(rH*HCS<N(NCMrStN<NfslCNlCNrOrnOOO 

cocococooococooocococoaooocococococococooooocooococooocoa^a^o> 
ooooooooooooooooooooooooooooooo 


m 


m  m 


m 


m 


fn^mfnm^^moor*vor*r^ooo^ooa»»^'«oa^oorHCNCNroi-HCOo»-ioso 
mmmmmmmmmmmmmmmmmmmmrnvDvovDvovom^o^om^o 

mm  mmmmm  ir> 

i— (c^Jr^oo^-^cN^m^'^vovDCOCNt^^^mmco«—^r^oooo^Dooo\mo^o^ 

COCOCOOOCOGOCDOOCOOOCOCOOOCOCOOOCOCOCOCOCOCOCOOOCOCOCOOOCOCOCO 

^m^or^oo<T\o*-rcsro'c*mvDr.ooa\Ot-ir*jm^mv£>r^co(T»Or-irHoim 

OO^OOOi-t.HrH»-l<— ti-H>-i.HrHr-<(N04(NfSCN<NCN<NCNCsirnmOO^ 

\wwwwwwwwwwww\w\:>\ 

OOOOOOOOOOOOOOOO^CDO^OOOOC30C30C300 

m  mm 


(-icooo>oocT»r*cT^<Nomcs^rO'cmmiHrHmmr-r**oochoo'^ooa»a\ 
m^m'q'mm'^^^mmmmmmmmmmmmmmmmmmmmmm 

QOCOOOGOCOCOOOCOCOOOOOGOQOOOCOGOaOOOQOaDOOCOCOQOCOCOCOQOCOmCO 

m^m\or^coo^or^<^^m^mvo^-ooo^o^Hc^^p^^mvop*co<^Or^cNfn 

OOOOOO0HH.-lrHrHrHHrHrHfHCSCM(Nrs»r^i<N01<N<NCNmoOO 

wwwwww  w\wwwwwwww 

ooooooooooooooooooooooooooooooo 


m   m  m  m 


m        m  m   m  m 

mmm  m  mmmmmm 

m<HOOooro\omorOfnro«-(\Dm<xioo^cor^o^comc^o^<N<N^^^ooo 
mm^'^mmmmmmmm^'^'^m^'<r^i'^^'«r^'«Tmmmm^m^ 

oooocooocscococooooocooocococococoooaocoaococococococooocoooco 
\"\"\  W^W\  W  W  W^-^"^\^\.\"v,  w^^\\w^. 

m'^mvDr'Comoi-(CNim«3'm*or^cx>a\<rirH(Nm'^mvor^coaiOrHiHCN 

OOOOOOOl-^r^r^r-l*HrH»Hr^^Hr^f^^<N^^CN<N<S(NC^4<N(NmrOOO 

\.w  wwwwwww\www^www 

mmmmmmmmmmmmmmmmmmmmmmmmmmmmm^D»^ 
ooooooooooooooooooooooooooooooo 


oo^l-^mr^oo^-la^r^a^o^or-^m«^mfO(M^-^oc^J^TOO^r*voooo^orom 

mm    mmmm    mm    mm 

'^r^rHO\mco^r^m\or^orovoma\mm<NvDi-i<j\mfNom<'r-oo*-iro 
T'cm^T^^^^^^^mmmm'tr'^^^^m^^^^'q'^^^mm 

oococoaocooocococooocoaooos}OO^cOGOCooocococooocococoaoGOc^ 

^  W^v,\.-\W^v  W^-."\W^^"\\W^N."\^W  WWW 

c^Jm'<^m^or-a^o^Or^t^^^o^m^or•ooo\Ol-lCNm^my^^*•ooa^o»Hc^J 

OOOOOOOOf-trHi-ir-irHrHrHi-*rH<-tfMCNJ(NOJ<S<Nrs)<NrNiCMrOOO 


r^^.om^rfnl^lvoo^o^ooo\p>■co^^ooco^^a^^— ir-to^r*r^oor^cor-r^o%as»-H 
f*i(^fOroroforororornrofOfOfOfOfororo^^p^rorofornrorornf^ro^ 


m  mmm  mmm  mmm 

*-)rH»-ir-»-(mrMmfN^'fOCD«-i»-irO(-ifnmp^in<N( 


mmm  m 


oocooococococooooocooooococoooocGOcoaoaocococDooaooocoaocococo 
W'\W\^\WW"\WW\\W\^WWWW 

c^Jm^TmvDn•coa^o»-^c^|m^^Dvo^^ooo^Ol— l^^lm'^^m\o^^co0^o^— trH 

OOOOOOOO.-(t-Hr-1»-(*-HfHr-)»-HrHr-»CSC>l<NCNfNC>l(N(N(N<Nr0mO 

rnrororornrorornrornrOf^rOrnr^rnrornrnrnrornrorOfOr^rn 

O0O^0C3000^OOO0C300O0O0O0OOOOO00O 


A4 


-    Z 

•r-    ^ 

a 


CO  ob  <s  CO  ( 

iHf-iiHiHr-(rHiH<-H>-1rHfN 

ooooooooooo 


\Dminvmro^in«r-r^p^'»cNOooo^i-(^o\oo<-icM<NCN^cN(NCNifO 
mmmi/Smmi/SininirimmiAmm^^u*i^^miriiriiriiOirtiomiAinin 


2SS  s  sc ; 

aooococococ__'_  —  _  —  — __-_  —  - 


OOOOOOOOOOOOOOOOOOOOOOrHf-lr-ii-lrH^'HrHr-* 


rHooo\oo^o»ooi/iosmo\cocor^r»r*moor»m»o<NO(N^poiA^^co»-i 


& 


OOCOaaCOOOCDOOCSGOCOCOCOCOaSCDCOCOOOCOCOOOCOGOCOOOOOaOCOCOGOCO 

Of-trHi-HH»-t'H'H"-l<-l-H04<N(Nr»l(NfNfNCNCNfNj^nOOOOOOOO 
oococococQOOOoa□coco<:DcocooocoaocDOOaocooocDCDO^o^a^o^o\o^a^o^ 

ooooooooooooooooooooooooooooooo 


COCDCOOOOQOOOOCOCOCOOOCDOOaOCOCOOOOOCOCDOOOOOOCOCDOOOOCSaOCOCO 

(y(Or4cMm^in^r*QOc\OrH(Nfn'f'*vor^ooo\0'-frH<Nni^invar-co 

O.-i'H«-H<-(<-lfH.-lrHf-ti-H{Nf>l<N(N(N<N<NCs|CN(NfnP0OOOOOOOO 

"W  WW  w^  w  w^  w  \  w^  "^  "^  \!>\  !^  \  ^  "i^^  ^ 

r^r^r*-r^r^r^f^r^r^r^r^r^r^r^r*r^r-'r'r^r^r^r^r^cocococococococo 
ooooooooooooooooooooooooooooooo 


£ 


t 


CO  OO  00  CO  CO  CO  CO  00  CO  CO  CO  CO  CO  00  CO  00  00  OO  CO  CO  CO  CO  00  CO  GO  00  00  CO  00  00  00 

coo^o^-t^^^m^mvcr-ooo^o^-^cNP^Tln^o^*ooo^OlHfNr^'^J■u-l^op»cD 

OOr-l^rHiH«-<iHiHfH<-HrHCSCNfS<NCNJ<NC>J(MCNfMmOOOOOOOO 

^Dvo'^*o\o*^^o*oo^o*iOO*^v^*ovoko^vo^ovovovor*r^r*r^r^f^r*r^ 
ooooooooooooooooooooooooooooooo 


in 


in 


m 


lOOoop-o^r*r-(Nr-(CNln^~-vDm^»l 

mm  mm 

vD».ocNfnmmcsr~r*«y'<HOo\«>o 
mmmmmmm^^^mm^^m 

ffiCOCDCOCOCOOOCOOOOOaSQOCOOOOOOOCOCOCOODCDCOCOCOCOCOCOCOCDOOaO 
WWv  WWWWWW  WW  Wx  W\  WW 

coa^Or^^«^fn•«^m^o^-ooa^Or^<^^^o^m^OT^coo^Or^r-^fMfo^mv£)r- 

OO.-(iH<-H<-t«-l<-t<H.-<<Hi-<r>lfN(M(NCNlfMCNCM<N(Nf0r0OOOOOOO 

w\ww\\\w\wwwwwwwww 

mmmmmmuTmminmmmmmmmmmmmmmmo'^vo'.Dvo^o'.D 
ooooooooooooooooooooooooooooooo 

mmm  mmmm  mm  mm 

OfO*-icNr-H»H<Nm^Dooi£)m^cNi-<'*rirtcNjo^o%aioOf-(m'^v£>mm<NrM 

E  .  -      .       .  -  .      _     .         _ 

C^mmmmm  minmm  minmmm  m 

c^moo^oQQ^-f^^p^^*c^|cor*meDCNO\o^.or-ir-vca^c^o^fnmf^lo^o^m 
■(^■7^^-.g>^u-)mmmm^*9'*vvrmm^^'<i'%r^'vmmmmm«r^m 

OOCOOOCOCOOOOOOOOOCDOOCOOOCOCOOOCO^TOOCOCOOOCOCOCOCOCOCOOOCOCO 
WW\WWWW^W\a)W\WWW^W\ 

r^ooos^i— fcsro*^mvor*coo\o»-i(Nm"v.m'*or*co<rio»-<cN(^'«a'mvor^ 

OOOrH»-^rH.H.-<»-irH»-lr-t.-i<NfNi<NCN^<N<N(NfNC'lrlOOOOOOO 

W\"V\:v.\\\^\\V.WWcN  W^-v^V^VWWW 

'^'^*T^^^'^'^'V'V^'*'^''r'*^'^*\^rTT^^'-«rmmmmmmm 

OOOOOOOOOOOOOOOOO^OOOOOOOOOOOOO 

m  mmm  mmmm  mm 

r-oo.-(OrHOo^a*o\ooooofnmr-(oorHoa>CT\o^a>oo'-iCNoeNm^ 

mmm  mmm  m  m  m  m 

^■f0^om^r^TCNf^fNmfOc'lvoo^^*-'^^rmmr^mfnvor*o^o^o^a^f-^^HO^ 
^^^•^^■^'<r'V^^^^'*'^'V^^«a'^^^v'V'«>''^^'<s'N'mm"» 


COCOOOCOCOOOCOCOCOOOOOCOOOCOCOCOGOCOCOCOCOOOOOCOOOCOCOOOOOCOCO 

WW\WWWWWWWWWW\.WW\ 

r-ooo^Or-fcNn■«fm'J^r-coo^o.-^o«l^^^mvDn-oocno.-^»^^^^p^^mvo 

O00.-1iHHrH»-l«-(rHrH<HrH(N<N(NtNrM(NfN<N<NfVimmO000O0 

ooooooooooooooooooooooooooooooo 


A5 


tn  in  lA  tn 


I 


CO  O  CO  00  00  o 

o  o  o  o  oo 


in  (A 

r*  00  o»  iH 


Ui        i^PSJ^^O^O  CO  00  00  00  OO  00  CO  OOCOOOOOOOCOOOOOCOOOCOCOCDaaCOCOffiSS 

&        CT;OrHCN(n^in\oi^coc^o^fNim^in  vo  r^eo  o^*^^<n  ri^ui^  r^m  m 
S      ^^Q^^^J^;^r^^rH<Nc^Nf^lr^^(NfNcsoJfSf<lOoooooooS 

OOOOOOOOOOOOOOOOOOOOOOr-(r-(.-(MrH^^r^rH 


iDin  in  inmintn  tn 


'HOO\cocoo^CT^o\do\o\oooococop^r^oocovor*m(N*a''*'a'^oin^'i-HO 


2;'o'»HcN'*^''^'i'i'^©"r^co'oH'or-?r*rrT'«<rin\or-^coo^  in  v£>  r*  co 

Or-(^^^^^^j-|j-4r-10*<NCStNCNfN(N<NCSCNrnfnOOOOOOOO 

222°959???S?????*^«'<o®oocooocooooococooooN  er»  o%m  o\  CTT^af 
ooooooooooooooooooooooooooooooo 


coorHmeNtNfn^inxpro^(n<Mm«\oaor^r-.*,oir>\Dr»inp^vo\ointnin 
lnvD^o^Dvo^vovo^A^ovo^o^o^ovovo\o«.ol«^o^^o^o^ovovovovovotf\o 


IS 


mmmm  m  m  min 

rsiinvDv^vD\Dr-QOmo\oooo*£>ii3VDcoorHO<ftcocoooooo^a\cocoa\ 
i^vovovovovo^ou>t£ivoi«g3\o>>A«ovor-r*r-^o^c<^r-r'r^r«^o\o\ovovo 


I 


oooooocoooooooooaocococ 


S  S  ( 


3  5  ^  -w  ^  ^  ^  < 
aocooOoooocoaocoaocooocococo 


tCStCtCCJ^ErCCrCrCrCr'^^r^'^  p- r^r^r^eo^oo"oo"co"OT^co"«" 
ooooooooooooooooooooooooooooooo 


cocooococorHOrHf-ii-i<-H{N<NrMO>-Hmin^ininvo«v^u-)iAr^cDcor-r- 
'9'^^^^iniommiri»nintninir>tnininm4nmmininininininminin 


(ninminu*jininm»nininmmu^inm4n*£>in\Dvovoininvcvo'^*ovx>i£)\o 

.— .COCDCOOOOOCOOOCOOOCOCO 
^O  rH  rH  H  fH  »|-t  rH^^rH  j4  OldCNfNtNfMfNr^rOOOOOOOOO 

^  \o  ^  \o  <^  \£>  SO  \£>  <^  *£>  ^  \£>  \o  s£>  \o  so^ \o  soso^o^sor^'r^^r^r^r^^^ 
ooooooooooooooooooooooooooooooo 


<-  a 


inmtninminmm^inininm^vinin^iriniOLninintnininininmtnmin 


OOOOOOCOCOGOOOCOOOCOCOCOOOCOCOOOCDOOGOCOCDOOCDOOCOOOCOCOCOaOGO 

mo^o»H■Mm^ln^D^^ooo^o^-^c>^m^ln^o^^oocylO^-^l-^CN^o■^lnvD^^ 

OOjHrHrHrHr-IMfHcHr-tr-ltNr^r^CNCMtNfNtNtNtNmmOOCJOOOO 

lnlnu^^nmlnlnlnlnln^nlno^lnlnlnlnlnlninu^lnln^n^o^D^o^o^Ol^ovo 
ooooooooooooooooooooooooooooooo 


m  in  ui  in 

r^inroin^^inr*ON<N^vo^Din* 


i<ocoinc^i-t^rt^r\oa>v\a\o\to\o\o 


tA  in  1/1  in       m  in  m 

^^^^r*■p*p-^DO^H■*mmoo^p*oor-^^-^Olnln\o^ooo^>^eNoi»-!OCO(N 

^'"fV'Tv^ininininiriin^^^ininin^^^'j'^inminininmvin 

OOCOOOCOCOGOOOCDCOOOOOCOCOCOCOOOCOCOCOOOCOOOCDCOCOCOCOCOCDCOCO 

r--oocr;OrHoim^mior-ooo%OM<Nm'»'in\f>r^cocio.-t<Nm'<rin^Dr- 

pOOiH^rH^M'-(iHrHr-Ht-(<NfM(NfMCNr^(N<N<N<NmOOOOOOO 

ooooooooooooooooooooooooooooooo 

loin  mmin  mm  m 

m.Hrornf<>oif^MOJfsicNrHCNinv£>^r<Nfnrnr-i<S(N{NPi^inininvoooin 

ininm  m  min  min 

^^vAio^innf*i<n^mmmaoa3^^in-vmr^^'OvDoaooi^r^oocn 

OOOOOOCOOOOOCDCOCDaOCOOOCOQOOOcOaOOOOOOOCOaOCOOOCDOOCOOOCOCOCO 

^og2j^rHCNm^invor*cocj>Oi— i<Nrn'^in\or^comoi-H.— (fNm"»rinvo 

>;^»»»»»»>;;*;^>»::*»»>»»> 

OOOOOOOOOO^OOOOOOOO^OOOOOOOOOOO 


A6 


APPENDIX  TABLE  7. 


Measuranents  of  pH  in  the  Bitterroot  River  and 
irrigation  returns  during  1983  and  1984. 


BITI^RROOT  RIY5Ri 

IRRIGATION 

_BSffiRNsl 

1 

2 

3 

4 

5 

DATE 

LAB 

FIELD 

LAB 

FIELD 

LAB 

PTRTD 

LAB 

FIELD 

LAB 

FIEUD 

(1993) 

9/15 

7.8 



8.4 

10/31 

8.0 

7.4 

8.0 

8.0 

8.1 

8.6 

8.3 

8.8 

11/16 

7.7 

7.8 

7.9 

8.1 

8.1 

8.3 

8.4 

8.2 

(1984) 

7/9 

7.6 

6.5 

7.7 

6.5 

7.8 

6.6 

9.3 

8.4 

8.4 

6.7 

7/25 

7.6 

6.5 

7.8 

6.6 

7.9 

6.6 

8.7 

6.8 

8.1 

6.6 

8/9 

7.6 

6.5 

7.8 

6.6 

8.0 

6.6 

8.6 

7.2 

8.1 

6.6 

8/27 

7.5 

6.7 

7.9 

6.6 

8.2 

6.6 

9.1 

7.4 

8.1 

6.8 

9/12 

7.6 

6.5 

7.9 

6.7 

8.1 

6.9 

8.6 

6.9 

8.1 

6.9 

9/26 

7.5 

6.4 

7.7 

6.7 

7.8 

6.7 

8.0 

6.9 

7.9 

6.9 

10/15 

7.5 

6.9 

7.8 

7.8 

8.0 

7.8 

8.4 

8.0 

8.3 

7.8 

10/30 

7.5 

6.7 

7.8 

7.0 

8.0 

7.0 

8.4 

7.1 

8.0 

6.9 

1   Bitterroot  River  near  Darby 

2   Bitterroot 

River  4 

.8  tan  above  bridge  at  Stevensville 

3   Bitterroot 

River  at  bridge  at  Stevensville 

4   Irrigation 

return 

1.5  tan  above  Victor 

crossing 

5   Irrj 

.gation 

return 

4.8  tan 

above  b] 

tridqe 

at  Steven 

isvill« 

^ 
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APPENDIX  TABLE  8.  Measurenents  of  bicarbonate  (ing/1)  in  the  Bitter  root 

River  and  irrigation  returns  during  1984. 


BITTERROOT  RVJER^ 

IRRIGATION 
4 

Rh-iTIRNsi 

1 

2 

3 

5 

(1984) 

7/9 

26.9 

26.9 

37.8 

90.2 

148.6 

7/25 

32.4 

48.4 

65.0 

127.4 

149.8 

8/9 

41.4 

61.0 

82.0 

147.4 

161.0 

8/27 

40.8 

71.0 

93.6 

122.5 

170.8 

9/12 

44.6 

62.9 

84.2 

140.0 

158.2 

9/26 

44.6 

54.2 

69.7 

78.5 

152.6 

10/15 

43.8 

61.8 

75.4 

116.0 

168.2 

10/30 

50.8 

62.2 

75.6 

123.4 

174.8 

^  stations  1  Bitterroot  River  near  Darby 

2  Bitterroot  River  4.8  km  above  bridge  at  Stevensville 

3  Bitterroot  River  at  bridge  at  Stevensville 

4  Irrigation  return  1.5  km  above  Victor  crossing 

5  Irrigation  return  4.8  km  above  bridge  at  Stevensville 
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APPENDIX  TABLE  9.   Measurenent  of  total  nitrogen  (mg/l)  in  the  Bitterroot  River 

and  irrigation  returns  during  1984. 


BITTEE^ROOT  RTVErI 

IRRIGOTION 
4 

RETURNS^ 

1 

2 

3 

5 

(1984) 

7/9 

0.37 

0.37 

0.41 

1.83 

1.55 

7/25 

0.40 

0.30 

0.42 

0.97 

0.90 

8/9 

0.68 

0.22 

0.19 

0.48 

0.38 

8/27 

0.46 

0.30 

0.24 

0.52 

0.65 

9/12 

0.49 

0.22 

0.25 

0.38 

0.60 

9/26 

0.56 

0.24 

0.22 

0.14 

0.72 

10/15 

0.12 

0.20 

0.28 

0.52 

10/30 

0.47 

0.23 

0.16 

0.22 

0.71 

^    stations  1  Bitterroot  River  near  Darby 

2  Bitterroot  River  4.8  km  above  bridge  at  Stevensville 

3  Bitterroot  River  at  bridge  at  Stevensville 

4  Irrigation  return  1.5  km  above  Victor  crossing 

5  Irrigation  return  4.8  km  above  bridge  at  Stevensville 
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APPENDIX  TABLE  10.  Measuronents  of  nitrate  nitrogen  (mg/1)  in  the 

Bitterroot  River  and  irrigation  returns  during  1984 


BITTEEyOTT  RlVti*^ 

3 

IRRIGATION 
4 

returns! 

1 

2 

5 

(1984) 

7/9 

0.003 

0.003 

0.020 

0.022 

0.332 

7/25 

0.011 

0.014 

0.049 

0.162 

0.319 

8/9 

0.013 

0.016 

0.051 

0.173 

0.475 

8/27 

0.026 

0.020 

0.043 

0.016 

0.237 

9/12 

0.010 

0.012 

0.017 

0.050 

0.148 

9/26 

0.009 

0.008 

0.023 

<0.001 

0.145 

10/15 

0.009 

0.018 

0.012 

0.006 

0.114 

10/30 

0.017 

0.007 

0.019 

0.058 

0.226 

^  stations  1  Bitterroot  River  near  Darby 

2  Bitterroot  River  4.8  km  above  bridge  at  Stevensville 

3  Bitterroot  River  at  bridge  at  Stevensville 

4  Irrigation  return  1.5  km  above  Victor  crossing 

5  Irrigation  return  4.8  km  above  bridge  at  Stevensville 
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APPENDIX  TABLE  11.   Measurement  of  total  ammonia  (mg/1)  in  the 

Bitterroot  River  and  irrigation  returns  during 
1983  and  1984. 


BJTrEREDOT  RTJm^ 

IRRIGATION 
4 

RETURNSl 

1 

2 

3 

5 

(1983) 

9/15 



10/27-31 

0.02 

<0.01 

0.01 



0.02 

11/16-18 

<0.01 

<0.01 

0.02 



0.01 

(1984) 

7/9 

<.01 

<.01 

<.01 

<.01 

<.01 

7/25 

<.01 

.01 

.05 

<.01 

.16 

8/9 

<.01 

<.01 

.02 

.02 

.05 

8/27 

<.01 

<.01 

<.01 

<.01 

<.01 

^  stations  1  Bitterroot  River  near  Darby 

2  Bitterroot  River  4.8  km  above  bridge  at  Stevensville 

3  Bitterroot  River  at  bridge  at  Stevensville 

4  Irrigation  return  1.5  km  above  Victor  crossing 

5  Irrigation  return  4.8  km  above  bridge  at  Stevensville 
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APPENDIX  TABLE  12.  Measurements  of  total  phosphorus  (rag/1)  in  the 

Bitterroot  River  and  irrigation  returns  during 
1984. 


RTTTERROOT  RTVER^ 

IRRIGATION 
4 

RtriuRNsl 

1 

2 

3 

5 

(1984) 

7/9 

0.016 

0.016 

0.025 

0.040 

0.048 

7/25 

0.022 

0.022 

0.024 

0.062 

0.058 

8/29 

0.024 

0.033 

0.044 

0.112 

0.095 

8/27 

0.012 

0.017 

0.022 

0.040 

0.045 

9/12 

0.010 

0.016 

0.020 

0.037 

0.038 

9/25 

0.011 

0.013 

0.016 

0.012 

0.030 

10/15 

0.012 

0.013 

0.015 

0.011 

0.037 

10/30 

0.012 

0.009 

0.014 

0.012 

0.040 

^  stations  1  Bitterroot  River  near  Darby 

2  Bitterroot  River  4.8  km  above  bridge  at  Stevensville 

3  Bitterroot  River  at  bridge  at  Stevensville 

4  Irrigation  return  1.5  km  above  Victor  crossing 

5  Irrigation  return  4.8  km  above  bridge  at  Stevensville 
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APPENDIX  13. 

Measurarients  of  conductivity  (u  mho£ 
River  and  irrigation  returns  during 

3/cm)  in 
1983  and 

the  Bil 
1984. 

:terrooi 

I 

BI'i'i'tM«X7r  RIVEI 
2 

^_ 

IRRIGATION  RI 
4 

STORNS^ 

3 

5 

(1983) 

9/15 



10/31 

78 

100 

118 



278 

11/16 

75 

91 

110 

264 

(1984) 

7/9 

37 

37 

54 

133 

242 

7/25 

71 

99 

123 

217 

253 

8/9 

80 

112 

149 

282 

282 

8/27 

72 

124 

158 

211 

295 

9/12 

67 

99 

130 

225 

262 

9/26 

92 

99 

121 

136 

262 

10/15 

81 

107 

126 

191 

278 

10/30 

93 

108 

130 

204 

292 

■'■  stations  1  Bitterroot  River  near  Darby 

2  Bitterroot  River  4.8  km  above  bridge  at  Stevensville 

3  Bitterroot  River  at  bridge  at  Stevensville 

4  Irrigation  return  1.5  km  above  Victor  crossing 

5  Irrigation  return  4.8  km  above  bridge  at  Stevensville 
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APPENDIX  TABLE  14.  Measurements  of  dissolved  oxygen  (mg/1)  in  the 

Bitterroot  River  and  irrigation  returns  during  1983 
and  1984. 


BITTERROOT  RTVFkI 

IRRIGATION 
4 

RE-iURNsl 

1 

2 

3 

5 

(1983) 

9/15 

9.30 

10.50 

10/31 

9.80 

10.80 

11.20 

12.80 

1V16 

11.35 

11.50 

11.50 



11.95 

(1984) 

7/9 

9.40 

8.30 

8.90 

13.35 

12.60 

7/25 

8.85 

8.40 

9.30 

12.10 

11.50 

8/9 

8.25 

7.55 

9.10 

11.70 

11.30 

8/27 

9.70 

8.60 

8.60 

13.75 

11.30 

9/12 

9.50 

9.25 

10.10 

12.45 

11.90 

9/26 

9.80 

9.60 

9.60 

9.90 

10.10 

10/15 

10.25 

10.25 

10.90 

13.15 

10.90 

10/30 

11.20 

11.60 

11.70 

14.20 

12.30 

Stations  1  Bitterroot  River  near  Darby 

2  Bitterroot  River  4.8  km  above  bridge  at  Stevensville 

3  Bitterroot  River  at  bridge  at  Stevensville 

4  Irrigation  return  1.5  km  above  Victor  crossing 

5  Irrigation  return  4.8  km  above  bridge  at  Stevensville 
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APPENDIX  TABLE  15.  Measurements  of  total  alkalinity  (mg/1  as  CaCo3) 

in  the  Bitterroot  River  and  irrigation  returns  during 
1983  and  1984. 


BITTERROOT  RIVKrI 

irrigm:ion 

4 

REIURNSI 

1 

2 

3 

5 

(1983) 

9/15 

44 

77 

— 

10/31 

50 

50 

57 

138 

11/16 

50 

55 

60 

117 

(1984) 

7/9 

26 

24 

30 

75 

127 

7/25 

34 

43 

64 

119 

134 

8/9 

36 

53 

75 

140 

53 

8/27 

20 

43 

43 

73 

118 

9/12 

32 

45 

55 

90 

120 

9/26 

50 

50 

50 

67 

110 

10/15 

37 

50 

90 

50 

10/30 

44 

50 

62 

98 

137 

Stations  1  Bitterroot  River  near  Darby 

2  Bitterroot  River  4.8  km  above  bridge  at  Stevensville 

3  Bitterroot  River  at  bridge  at  Stevensville 

4  Irrigation  return  1.5  km  above  Victor  crossing 

5  Irrigation  return  4.8  km  above  bridge  at  Stevensville 


A15 


APPEM)IX  TABLE  16.  Catch  statistics  for  trout  collected  in  the  Darby  and 

Tucker  sections  of  the  Bitterroot  River  during  the 
fall  of  1983.  Range  in  parentheses. 


SEiCTION   SPEX:iES   MARKED   CAPTURED 


MEAN 

MEAN 

LENGTH 

WEIGOT 

RBCAPTOREI 

3    (MM) 

m) 

30 

281 

288 

(59-435) 

(7-950) 

36 

282 

361 

(60-575) 

(7-1921) 

3 

327 

318 

(221-446) 

(106-957) 

1 

204 

103 

(95-283) 

(7-241) 

0 

277 

228 

(183-339) 

(50-390) 

32 

322 

443 

(75-478) 

(7-1013) 

63 

323 

494 

(85-579) 

(7-1935) 

0 

302 

324 

(281-314) 

(241-369) 

0 

271 

273 

(218-349) 

(106-524) 

16 

309 

378 

(70-465) 

(7-928) 

54 

339 

548 

(81-737) 

(7-3629) 

1 

317 

374 

(260-410) 

(191-737) 

0 

131 

28 

0 

233 

131 

(210-256) 

(106-156) 

Darby    Rainbow    341      381 
Trout 

Brown      241      227 
Trout 

Cutthroat    16       31 
Trout 

Brook       34       23 
Trout 

Bull        6       5 
Trout 

Tucker    Rainbow    175      126 
(East   Trout 
Channel) 

Brown      215      230 
Trout 

Cutthroat    1       2 
Trout 

Brook       1       4 
Trout 

Tucker    Rainbow     95       86 
(West   Trout 
Channel) 

Brown      221      183 
Trout 

Cutthroat    5       6 
Trout 

Brook       1       0 
Trout 

Bull         1        1 
Trout 
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APPENDIX  TABLE  17.  Catch  statistics  for  salmon ids  collected  in  the 
Darby  and  Tucker  sections  of  the  Bitterroot  River 
during  the  spring  of  1984.  Range  in  parentheses. 


SBLTION 

SPECIES   MARKED 

CAPTORED 

RECAPTORED 

MEAN 

LENGTH 

(MM) 

MEAN 

WEIGHT 

((34) 

Darby 

Rainbow 
Trout 

310 

262 

52 

323 
(73-500) 

378 
(10-1080) 

Brown 
Trout 

135 

141 

43 

331 
(70-559) 

449 
(10-1540) 

Cutthroat 
Trout 

12 

20 

3 

344 
(157-411) 

449 
(40-770) 

Brook 
Trout 

9 

12 

0 

172 
(94-283) 

66 

(10-230) 

Bull 
Trout 

6 

6 

2 

323 
(280-433) 

457 
(220-710) 

Mountain 
Whitefish 

315 

299 

13 

275 
(175-488) 

204 
(50-1130) 

Tucker   Rainbow 
(Fast   Trout 
Channel) 

Brown 
Trout 

121 
206 

95 
182 

13 
43 

333 

(75-533) 

309 
(82-583) 

484 
(10-1530) 

448 
(10-1810) 

Cutthroat 
Trout 

5 

6 

1 

326 
(181-408) 

449 
(70-780) 

Brook 

Trout 

5 

5 

0 

182 
(103-297) 

81 
(10-260) 

Mountain 
Whitefish 

323 

401 

22 

266 
(110-433) 

195 

(10-820) 

Tucker   Raixibow 
(West   Trout 
Channel) 

Brown 
Trout 

169 
194 

97 
154 

22 

43 

363 
(71-625) 

329 
(100-544) 

559 
(10-2260) 

459 
(10-1690) 

Cutthroat 
Trout 

3 

2 

0 

284 
(233-365) 

298 
(150-590) 

Brook 
Trout 

2 

3 

0 

179 
(124-337) 

102 
(10-390) 

Bull 
Trout 

d 

2 

0 

265 
(263-267) 

170 
(160-180) 

• 

Mountain 

235 

257 

19 

268 

197 

Whitefish 

(107-391) 

(10-600) 
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APPENDIX  TABLE  18.  Catch  statistics  for  salmonicJs  collected  in  the 

E)arby  and  Tucker  sections  of  the  Bitterroot  River 
during  the  fall  of  1984.  Range  in  parentheses. 


SBcncw 

SPECIES 

MARKED- 

CAflTJRED 

RECAPTURED 

MEAN 

LENGTH 

(MM) 

MEAN 

WEIGffl? 

(GM) 

Darby 

Rainbow 
Trout 

333 

281 

19 

231 

(62-457) 

212 

(5-1140) 

Brown 
Trout 

305 

190 

30 

237 
(90-582) 

231 

(10-2330) 

Cutthroat 
Trout 

15 

25 

3 

292 
(191-440) 

295 
(60-820) 

Brook 
Trout 

41 

18 

2 

191 
(90-291) 

92 
(10-230) 

Bull 
Trout 

8 

4 

1 

313 

(175-418) 

354 
(50-690) 

Tucker   Rainbow 
(East   Trout 
Channel) 

Brown 
Trout 

138 
200 

163 
189 

24 
35 

283 
(72-510) 

300 
(89-558) 

330 
(5-1130) 

357 
(10-1700) 

Cutthroat 
Trout 

0 

1 

0 

426 

850 

Brook 
Trout 

2 

2 

1 

250 
(215-270) 

170 
(120-230) 

Bull 
Trout 

1 

0 

0 

262 

170 

Tucker    Rainbow 
(West   Trout 
Channel) 

Brown 
Trout 

123 
186 

127 
187 

17 
22 

243 
(74-445) 

290 
(83-605) 

212 
(5-910) 

388 
(10-2190) 

Cutthroat 
Trout 

7 

4 

0 

286 
(204-362) 

256 
(90-500) 

Brook 
Trout 

6 

1 

0 

221 
(79-311) 

156 
(10-330) 
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APPENDIX  FIGURES 
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APPQIDrx  FIGURE  2.  Land  use  patterns  of  the  central  Bitterroot  basin. 
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APPENDIX  FIGURE  3.  Land  use  patterns  of  the  upper  Bitterroot  basin. 
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APPENDIX  FIGURE  10.      Length  frequency  distributions  of  rainbow  trout 

collected  in  the  Darby  and  Tucker  sections  during 
the  fall  of  1983. 
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APPENDIX  FIGURE  11.  Length  frequency  distributions  of  brown  trout  collected 
in  the  Darby  and  Tucker  sections  durxng  the  fall  of  1983. 
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APPENDIX  FIGURE  12.  Length  frequency  distributions  of  rainbow  trout 

collected  in  the  Darby  and  Tucker  sections  during  the 
spring  of  1984. 
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APPQTOIX  FIGURE  13.  Length  frequency  distributions  of  brown  trout 

collected  in  the  Darby  and  Tucker  sections  during 
the  spring  of  1984. 
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APPEM3IX  FIGURE  14.  Length  frequency  distributions  of  mountain  whitefish 
collected  in  the  Darby  and  Tucker  sections  during  the 
spring  of  1984. 
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APPH^IX  FIGURE  15.  Length  frequency  distributions  of  rainbow  trout  collected 
in  the  Darby  and  Tucker  sections  during  the  fall  of  1984. 
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APPENDIX  FIGURE  16.  Length  frequency  distributions  of  brown  trout 

collected  in  the  Darby  and  Tucker  sections  during 
the  fall  of  1984. 
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